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Ms R De stadler (Renate)
Cell 083 303 1041 Email desladler@lando.co.za
NOTE: commercial luna vessel owner

Mr I McLachlan (lan)

11 Orchard Way  PINELANDS 7405

Cell 0823074536 Home 0215312712 Email ian.mclach@gmail.com
NOTE: Add to all il and gas project dalabases.

African Tuna Traders cc
Mr C Hamel (Chris)
African Tuna Traders cc
Email chris@africantuna.com

Anadarko Petroleum Corporation
Mr T Bentley (Terry)
Manager: Environmental Health & Safety Anadarko Pelroleum Corporation
1201 Lake Robbins Drive ~ THE WOODLANDS 77380
Email terry.benlley@anadarko.com

Mr M Ranoszek (Marek)
Country Manager Anadarko Petroleum Corporation
POBox7980 ROGGEBAAI 8012

Work 0214255012/3 Fax 0214255588 Cell 082 467 3227 Email
marek.ranoszek@anadarko.com

NOTE: 21stFloor, 1 Thibault Square, Long Street, Cape Town, no longer wilh Pioneer

Mr G Sparks (Gary)

Anadarko Petroleum Corporation

1201 lake Roobins Drive The Woodlands HOUSTON TEXAS 77380
Email gary.sparks@anadarko.com

Association of Small Hake Industries
Mr A Kaye (Andrew)
Chairman Associalion of Small Hake Induslries
PO Box 6259 ROGGEBAAlI 8012
Work 0214212472 Fax 0214252716 Email andrew@kaytrad.co.za
NOTE: Hake Longline Associlion

AuruMar (Pty) Ltd
Mr N Fraser (Nell)
AuruMar (Ply) Ltd
DBM Gardens, Golf Park 2 Raapenberg Road PINELANDS
Work 021658 3213 Fax 021658 3355 Cell 083 388 3733 Email neil.fraser@aurumar.co.za
BHP Billiton
Ms A Garcia (Adriana)
Senior HSE Specialist GGO BHP Billiton
1360 Post Oak Boulevard Suite 150 HOUSTON TEXAS 770563030 USA
Work +1 713 499 5533 Cell +713 502 8920 Email adriana.garcia@bhpbilliton.com
Mr M Smith (Major)
Survey Project Manager Geophysical Operations BHP Billilon
1360 Post Oak Boulervard HOUSTON TEXAS 770563030
Work +1 713 589 6074 Cell +1713705 7436 Email major.smith@bhpbilliton.com
Mr L Ward (Larry)
Survey Project Manager BHP Billiton
1360 Post Oak Bulevard HOUSTON 770563030 TEXAS
Work +1713966 7079 Fax +17139618486 Cell +1713 5530760 Email
larry.ward@bhpbilliton.com
Big Catch (Pty) Ltd
Mr R Giddey (Rob)
Big Catch (Ply) Lid
Work 0215111914  Fax 0215111964 Cell 082 492 7892 Email hans@bigcatch.co.za

NOTE: rob@bigfish.co.za
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Blue Continent Products (Pty) Ltd

Bowman Gilfillan

Cape Argus

CapeNature

Mr P Rocher (Plerre)

Managing Director Blue Continent Products (Ply) Ltd

POBox56 PAARDEN EILAND 7420

Work 0215089600 Fax 0215119632 Email procher@bluecon.co.za

Mr M Sands (Mike)

Blue Continent Products (Pty) Ltd

POBox56 PAARDEN EILAND 7420

Work 021508 9600 Fax 0215119632 Email msands@bluecon.co.za

Ms L Oberholzer (Lizel)

Director: Attorney Bowman Gilfillan

POBox248 CAPETOWN 8000

Work 021 480 7868 Email l.oberholzer@bowman.co.za

Mr J Booysen (Joseph)
Cape Argus
Work (021) 488 4791 Cell 082483 2584 Email joseph.booysen@inl.co.za

Ms S Duffell-Canham (Alana)
CapeNalure
Scientific Services: Land Use Advice Privale Bag X5014 STELLENBOSCH 7599

Work 021866 8000 Fax 021866 1523 Cell 0836733948 Email landuse@capenalure.co.za

NOTE: Physical Add: Assegaaibosch Nalure Reserve Jonkershoek

Capricorn Fisheries Monitoring cc (CAPFISH)

Carina Offshore Limited

Mr D Japp (Dave)

Director Capricorn Fisheries Moniloring cc (CAPFISH)

P OBox 50035 WATERFRONT 8002

Work 0214252161 Fax 0214251994 Cell 0827886737 Home 0217801101 Email
jappy@iafrica.com

NOTE: Home lel = also fax. Physical address: Unil 15 Foregate Square, Table Bay Boulevard, Cape Town.

Mr PP Kuttel (Peter)
Carina Offshore Limited

PO Box 310 MILNERTON 7435

Work (021) 652 7572  Fax (021) 552 7578 Email ppkultel@iafrica.com

De Beers Marine (Pty) Ltd

Ms L Roos (Lesley)

Environmental Manager De Beers Marine (Ply) Lid

POBox87 CAPETOWN 8000

Work 0216583194 Fax 021658 3355 Email lesley.roos@debeersgroup.com
NOTE: DBM Gardens, Goll Park 2, Raapenberg Road, Pinelands

Demersal Shark Longline Association

Mr J Bruk (Judian)
Demersal Shark Longline Association
Email judianbruk@telkomsa.net

Department of Agriculture, Forestry and Fisheries

Dr J Augustyn (Johan)
Chief Direclor: Marine Resource Management Deparlment of Agricullure, Foreslry and Fisheries
Privale Bag X2 ROGGEBAAI 8012

Work 0214023102 Fax 0214193639 Cell 082 829 3911 Email JohannAU@daff.gov.za
NOTE: Ground floor, Foretrust Building, Marin Hammerschlag way, Foreshore.secrelary 021402 3103
Mr W Theron (Wade)

Depariment of Agricullure, Foreslry and Fisheries

POBox 92 SALDANHA 7395

Work 0227141710 Fax 022 714 3997  Cell 0827718910 Email WadeT@daff.gov.za
NOTE: 022 714 2226 wadet@nda.agric.za
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Department of Agriculture, Forestry and Fisheries

Department of Energy

Dr CD Van der Lingen (Carl)

Specialist Scientist: Offshore Resources Research Department of Agricullure, Forestry and Fisheries

Privale Bag X2 ROGGE BAY 8012

Work 0214023168 Fax 0214023694 Cell 073 146 7285 Email carl.vanderlingen@gmail.com
NOTE: carkvdi@nda.agric.za

Ms N Magubane (Nelly)

Depuly DG: Energy Planning & Hydrocarbons Depariment of Energy
Privale Bag X19 ARCADIA 0007

Work 012444 4062 Fax 0123417713

NOTE: Ietter returned, 1 Nov11, replaced mr R Crompton

Mr MW Mkhize (Muzi)

Chief Director: Hydrocarbons Depariment of Energy

Privale Bag X86 PRETORIA 0001

Work 012406 7570/1 Fax 086 5456549 Cell 082 447 3561 Email muzi.mkhize@energy.gov.za
NOTE: 192 Vidagie slreet, c/o Paul Kruger and Visagie Sireet Pretoria

Department of Env. Affairs & Nature Conservation

Ms B Cornelissen (Bronwyn)

Depariment of Env, Affairs & Nalure Conservation

Privale Bag X16  SPRINGBOK 8240

Work 027 718 8800 Email bronwyn@gmail.com

NOTE: Physical Address: Cnr Voorlrekker & Magesyn Str., Springbok 8240 anton meyer no longer there

Mr J Koen (Julius)

Depuly Director: Scientific Investigations Depariment of Env. Affairs & Nalure Conservalion
Private Bag X6102  KIMBERLEY 8300

Work 053 807 4845 Fax 053 831 3530 Email julius.koen@gmail.com

Mr J J Mutyorauta (Julius)

Director: Environmental Management Depariment of Env. Affairs & Nature Conservation

Private Bag X6102  KIMBERLEY 8300

Work 053 807 7430 Fax 053 8313530 Cell 0832852373 Email jmutyorauta@ncpg.gov.za
NOTE: Gen.(053) 807 4800. Phy.Add: 90 Long Street, Sasko Building, Kimberley 8300

Mrs W Oppel ()

Department of Env. Affairs & Nature Conservation
Private Bag X16  SPRINGBOK 8240

Work 027 718 1958  Fax 027 718 1949

Department of Environmental Affairs

Dr A Boyd (Alan)

Oceans and Coasls Conservation Depariment of Environmental Affairs

Shed 2, East Pier Road V&A Waterfront CAPE TOWN 8012

Work 021 819 2470 Cell 083 421 3965 Email ajboyd@environment.gov.za

Dr L Hutchings (Larry)

Chief Specialist Scientist Deparlment of Environmental Affairs

Private Bag X2 ROGGEBAAI 8012

Work 021402 3109 Fax 0866 152567 Cell 082 829 3900 Email lhutchin@deat.gov.za
NOTE: Oceans & Coasls

Mr M Meyer (Mike)

Depariment of Environmental Affairs

Private bag X2 ROGGEBAAI 8012

Work 021402 3173 Email Mmeyer@environment.gov.za

NOTE: Second Floor Foretrust House, Marinhammerschlagweg, Foreshore, Cape Town .

Dr R Omar (Razeena)

Chief Director: Integraled Coaslal Management Depariment of Environmental Affairs

PO Box 52126 CAPE TOWN 8002

Work 021 819 2432/0 Email romar@environment.gov.za

NOTE: Physical address: 2 East Pier Shed, Easl Pier Road, V&A Walerfront, Cape Town. Oceans & Coasts Bran
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Diamond Fields South Africa (Pty) Ltd
Mr R Cullen (Randall)
Programme Manager Diamond Fields South Africa (Ply) Ltd
POBox7425 ROGGEBAAI 8012
Work 021 423 5461 Fax 021424 0336
NOTE: 6 Foregate Square, Table Bay Boulevard, Cape Town, 8001, randal@diamondfields.com returned

Dolphin Action & Protection Group
Ms N Rice (Nan)
Secretary Dolphin Aclion & Protection Group
P O Box 22227 FISHHOEK 7974
Fax 0217826223 Home 0217825845 Email mwdapg@mweb.co.za

EMGS A.S.A.
Mr C Thomas (Charles)
EMGS ASA.
Flat 5, Tuinzicht, 4 Hof Streel, Gardens = CAPE TOWN 8001
Email clhomas@emgs.com

Fishing Industry News
Ms T Chandler (Tracy)
Fishing Industry News
POBox705 RONDEBOSCH 7701
Work 021659 2640 Cell 072993 9585 Email trachandler@telkomsa.net

Fresh Tuna Exporters Association
Ms D Cooke (Dot)
Fresh Tuna Exporters Association
P O Box 26938 HOUT BAY 7872

Work 0217904083 Fax 0217905840 Email fltea@telkomsa.net
NOTE: carol de Kock no longer there
FV Portunity & FV Esra Cruz

Mr F van Zyl (Fanie)
Shore Skipper FV Porlunily & FV Esra Cruz
Cell 083 390 4932 Email favanzyl@holmail.com

GAC Shipping (SA) (Pty) Ltd
Mr H Venter (Herman)
Operations Manager GAC Shipping (SA) (Pty) Ltd
P OBox 2369 CAPE TOWN 8000
Work 021419 8574 Fax 0214194438 Cell 083631 1855 Email southafrica@gacworld.com
NOTE: dale harl no longer with the company

Global Offshore Oil Exploration (SA) Pty Ltd
Mr R Thompson (Randall)
Managing Director Global Offshore Oil Exploration (SA) Pty Ltd
69018S. Pierece Streel Suite 390, Liflleton CO 80128 USA
Work 091303 7700292 Fax 091303 7700293 Email randallct@cs.com
NOTE: 7395E Orcharch road, suile A-300, Greenwood village CO 80111 USA

Hanill Shipping
Mr BK Jung (Bok Jin)
Hanill Shipping
Work 0215110347 Fax 021511 5401 Email priscauys@yahoo.com
NOTE: jung@telkomsa.net

Helderberg Commercial Linefish Operators assoc
Mr D van antwerpen (Deon)
Helderberg Commercial Linefish Operators assoc
PO Box 1434 GORDONS BAY 7150
Fax 0218565390 Cell 0832936700
NOTE: email relurned: sailorsjoy@absamail.co.za

Hicksons Fishing Company Ltd
Mr N Brink (Neville)
Hicksons Fishing Company Ltd
c/o SA Sea Products Ltd P O Box 26803 HOUT BAY 7872
Work 021791 8000
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Ikamva Lethu Fishing Company (Pty) Ltd

Mr N Brink (Neville)

Ikamva Lethu Fishing Company (Ply) Ltd

c/o SA Sea Producls Ltd P O Box 26803 HOUT BAY 7872
Work 021 791 8000

Independent Qilfield Rentals

Irvin & Johnson Limited

Japan Marine

LHB South Africa

Mr A Smith (Ashley)

Independent Oilfield Renlals

POBox6561 WELGEMOED 7538

Work 0215593269 Fax 021559 3271 Email afsmith@iafrica.com
NOTE: iorpty@iafrica.com

Mr B Leask (Butch)

Irvin & Johnson Limited

Privale Bag X5 WATERFRONT 8002
Work 0214029988 Fax 021402 9800

Mr G Nassar (G)

1&J Ops Irvin & Johnson Limited
POBox 4804 CAPE TOWN 8000
Email nassarg@ij.co.za

Mr J Pope (John)

Irvin & Johnson Limited

Private BagX5 WATERFRONT 8002

Work 0214029988 Fax 021402 9800 Email johnp@ij.co.za

Mr C Kotze (Chris)

Managing Direclor Japan Marine

POBox 7894 ROGGEBAAI 8012

Work 0214188880 Fax 021418 8805 Email ckotze@jmss.co.za

Mr G Booth (Sydney)

Manager LHB Soulh Africa

POBox473 SALDANHA 7395

Work 022 714 1203

NOTE: Glen Berril no longer there, company changed name no longer Tall Ships Pty Itd

Lusitania Trawling Services

L0

Lusitania Trawling Services

POBox7365 ROGGEBAAI 8012

Work 0214024200 Fax 0214182657 Cell 082658 5018
NOTE: Note: He has left company, Licnel Shaer

Mr M Mendonca (Mario)
Lusitania Trawling Services
POBox 7365 ROGGEBAAI 8012

Work 021402 4200 Fax 021418 2657 Email mario@Iusitaniafishing.co.za

Mr R Ventura (Rui)

Lusitania Trawling Services

POBox 7365 ROGGEBAAI 8012

Work 0214216466 Fax 021418 2657 Email rvenlura@bluecon.co.za
NOTE: Also represents: South African Deep-sea Trawling Indusiry Association

Mammal Institute / Iziko Museum

Masakhane Fishing

Dr P Best (Peter)

Mammal Institute / Iziko Museum

POBox61 CAPETOWN 8000

Work 021 481 3800 Email pbesi@iziko.org.za

Mr C Goliath (C)
Masakhane Fishing
St Markstraat 47 LAMBERTSBAAI 8130
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MS Group
Mr R Hollick (Robyn)
Marketing Manager MS Group
P O Box 38668 PINELANDS 3600
Work 021 531 3162 Email robyn.hollick@msgroup.net

Namaqua Fishing Company Ltd
Mr N Brink (Neville)
Namaqua Fishing Company Ltd
c/o SA Sea Produclts Lid P O Box 26803 HOUT BAY 7872
Work 021 791 8000

Namasan Qil & Gas
Mr S Broadhurst (Sinclair)
Namasan Oil & Gas
18 Ave Brittany BANTRY BAY 8025
Fax 021447 3103 Cell 083 3006747 Email nusum@new.co.za

Mr E Grasser ()
Namasan Oil & Gas
POBox 970 SPRINGBOK 8240

Work 027 713 8905/6 Fax 0277138905 Cell 0824650753 Home 0277218483 Emall
nusum@new.co.za

Mr M Stern ()

Namasan Oil & Gas

PO Box4970 CAPE TOWN 8000
Email martsternlaw@mweb.co.za

Nambian Dolphin Project & Uni of Pretoria
Dr S Elwen (Simon)
Nambian Dolphin Project & Uni of Pretoria
MRI, c/o Iziko: SA Museum PO Box 61 CAPE TOWN
Work 081 481 3902 Cell 071 139 5951 Email simon.elwen@gmail.com

Oceana Brands
Mr M Potgieter (Marthin)
Oceana Brands
POBox50 STOMPNEUS BAY 7382
Work 022 7421611  Fax 083 580 2152 Email mpolgieler@ob.co.za
NOTE: Sakkie Gerber has moved lo another office. Company is part of Oceana Brands

Oceana Group Limited
Mr M Copeland (Mike)
Operalions Manager Oceana Group Limited
Oceana Fishing P O Box 7206 ROGGEBAAI 8012
Work 021417 5600 Fax 021417 5601 Email mcopeland@ob.co.za
NOTE: also represent SA Inshore Fishing Industry Associalion

Offshore Petroleum Association of South Africa
Ms A Futter (Alison)
Offshore Pelroleum Association of South Africa
c/o PelroSA, 151 Frans Conradie Drive  PAROW 7500
Work 0219293112 Fax 0219299097 Cell 079493 3933 Email alison.fuller@pelrosa.co.za

Oranjevis St Helena Bay
Mr PP Rabe ()
Oranjevis St Helena Bay
POBox25 STHELENABAY 7390
Work 022 736 1210

Pakamani Fishing (Pty) Ltd
Mr C van Wyk ()
Pakamani Fishing (Ply) Ltd
POBox41 SALDANHA 7395
Work 022 7143393 Fax 0227144215 Cell 082890 7521
NOTE: wrburke@imaginel.co.za returned
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Panda Marine
Mr K Pansegrouw (Kobus)
Panda Marine
PO Box 35630 NORTHCLIFF 2115

Work 0116721652 Fax 086652 7670 Email pandanet@global.co.za

Paternoster Fishery Group
N Latsky ()
Paternoster Fishery Group
Posbus 3859 TYGERVALLEl 7536
Work 021914 3023 Fax 086689 5218

Petra Diamonds
A Pouraulis (Adonis)
Pelra Diamonds
PO Box 377 LANSERIA 1748

Petroleum Agency SA
Mr S Mills (Stephen)
Commercial Manager Pelroleum Agency SA
POBox 5111 TYGERVALLEY 7538

Work 0219383500 Fax 021938 3520 Email millss@petroleumagencysa.com
NOTE: physical address: Tygerpoort Building, 7 Mispel Road, Bellville 7530 - Left PASA

Mr S Mushwana (Stet)
Environmental Compliance Coordinator Petroleum Agency SA
POBox 5111 TYGERVALLEY 7536

Work 021 938 3573 Cell 072 375 0035 Email mushwanas@pelroleumagencysa.com

Ms P Ngesi (Phumla)
Manager: Environmental Compliance Petroleum Agency SA
POBox 5111 TYGERVALLEY 7536

Work 0219383570 Fax 0219100811 Email ngesip@peltroleumagencysa.com

Mr A Thovhakale (Azwifarwi)
Licensing & Legal Compliance Officer Petroleum Agency SA
POBox 51111 TYGERVALLEY 7536

Work 0219383579 Fax 0219100811 Email thovhakalea@petroleumagencysa.com

PetroSA (Pty) Ltd
Ms J Courtoreille (Jessica)
PelroSA (Ply) Lid
Private Bag X5 PAROW 7955
Work 0219293216 Fax 0219293018 Cell 083 2536614
jessica.courtoreille@pelrosa.co.za
NOTE: 151 Frans Conradie Drive, Parow 7500

Ms V Singh (Varsha)

Asset Manager: Exploralion Projecls PelroSA (Ply) Ltd

Private Bag X5 PAROW 7499

Work 0219290423 Fax 0219293104 Cell 083551 2441
varsha.singh@pelrosa.co.za

NOTE: 151 Frans Conradie Drive, Parow

Pioneer Fishing (Pty) Ltd
Mr M van den Heever (Mike)
Pioneer Fishing (Ply) Lid
Work 021421 5368 Email mvdh@pioneerfishing.co.za
NOTE: gerl du plessis no longer wilh the company

Pisces Environmental Services
Dr A Pulfrich (Andrea)
Director Pisces Environmental Services
POBox 31228 TOKAI 7966
Work 0217829553 Fax 0217829552 Cell 082781 8152

Email

Home 0219293452 Emalil

Email apulfrich@pisces.co.za
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Premier Fishing (SA) (Pty) Ltd
Mr M Debesai (Michael)
Operalions Manager Premier Fishing (SA) (Ply) Lid
POBox 181 CAPE TOWN 8000
Work 0214190124 Fax 0214190731 Email michaeld@premfish.co.za
NOTE: member of south coast rock lobster association. Mike van den Heever no longer with the company June

Rainbow Nation
Mr M de Olim (Manual)
Rainbow Nation
Email mfishing@mweb.co.za
NOTE: Carol de Abrea

Saint Helena Bay Fishing Industries
0
Saint Helena Bay Fishing Industries
POBox 50 STOMPNEUS BAY 7382
Work 022742 1611  Fax 022 742 1874
Code for Area of Operation: Wecoast

Saldanha Freight Services (Pty) Ltd (SFS)
Mr G Clelmitson (Graeme)
Director Saldanha Freight Services (Pty) Ltd (SFS)
1st Floor, the Business Centre Cnr Oostewal & Sleigh Streets Langebaan 7357
Work 0227722012 Fax 0866435478 Cell 071017 5353 Email gclemitson@gmail.com
NOTE: or 072 869 4520

Saldanha Yacht Club
0
Saldanha Yacht Club
PObox52 SALDANHA 7395
Email sbyc@imaginet.co.za

Sandy Point Fishing
Mr P Carstens (Pletie)
Sandy Point Fishing
POBox97 ST HELENABAY 7390
Work 028 736 1089  Fax 028 736 1030 Cell 082 5729 208

Sasol Petroleum International (Pty) Ltd
Mr P Dekker (Peter)
Manager: Exploration Sasol Pelroleum International (Ply) Ltd
P O Box 5486 JOHANNESBURG 2000

Work 0113440795 Fax 011441 3923 Email peter.dekker@sasol.com
NOTE: 1 Sturdee Avenue, Rosebank, 2196, 011 441 3225
Ms M Henriques (Marta)

Senior Manager SHE: Environment Sasol Petroleum International (Pty) Ltd

PO Box 5486 JOHANNESBURG 2000

Work 0113440838 Fax 0112192695 Cell 076 982 4034 Email marta henriques@sasol.com
NOTE: 6 Slurdee Avenue, Rosebank 2196

Sea Harvest Corporation Ltd
Mr R Hall (Russell)
Fleet Operalions Manager Sea Harvest Corporalion Ltd
POBox52 SALDANHA 7395
Work 0227014120 Fax 022714 3566 Cell 0832553577 Email russellh@seaharvest.co.za

Sea Vuna Fishing Company (Pty) Ltd
Mr K Maritz (Kobus)
Sea Vuna Fishing Company (Ply) Ltd
Quay No.5 Mossel Bay Harbour MOSSEL BAY 6506
Work 044 691 2814 Cell 082561 9848 Email kobusm@seaharvest.co.za
NOTE: Also represents: Soulh East Coast Inshore Fishing Association
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Selecta Sea Products (Pty) Ltd
Mr T Reddell (Tim)
Selecla Sea Producls (Pty) Ltd
PO Box414 CAPE TOWN 8000
Work 021 372 1100 Email lim@seleclafish.co.za
NOTE: Lanzerac Road, Phillipi, Cape Town 7785

Shark Association
Mr N Fernandes (Nivalda)
Shark Association
Email nivalda@yant.co.za

Shark Longline Association
Mr H Gomez (Horatio)
Chairman Shark Longline Association
20 Woodhead Drive = EDGEMEAD 7441
Fax 021589 739

Shell
Mr S McGeoch (Stuart)
NV Execution Manager: SSA Shell
Carel van Blandllaan 30, Postbus 663 THE HAGUE 2501CR

Shell International Exploration and Production B.V
Mr A Milne (Alastair)
VP Exploration - Sub Saharan Africa Shell International Exploration and Production B.V
P OBox 162 2501 AN The Hague THE NETHERLANDS
Email alastair.milne@shell.com

Shell South Africa Exploration B.V.
Mr N Rossouw (Nigel)
Environmental Planner Shell South Africa Exploralion B.V.
10 Rua Vasco Da Gama Foreshore CAPE TOWN 8001
Work 021 408 4091 Cell 0826816616 Email nigel.rossouw@shell.com

Ms F Shaik (Fatima)

Shell South Africa Exploration B.V.

Privale Bag X19  BRYANSTON 2012

Work 011 996 7000

NOTE: Molefi Mabole, no longer works for the company, Johannesburg deals wilh Marine & Environment

Sidloye Fisheries
Ms G Sidloyi (Gloria)
Sidloye Fisheries
121 Fissant Street LAMBERTS BAY 8130
Work 027 432 1581

SMIT Amandla Marine (Pty) Ltd
Mr s O'Brien (Steve)
Business Development Manager SMIT Amandla Marine (Pty) Ltd
P OBox 1339 PAARDEN EILAND 7420
Work 021507 5740 Fax 021507 5888 Cell 082909 8912 Email s.obrien@smit.com
NOTE: 31 Catlisle Street, Paarden Eiland 7405

South African Petroleum Industry Association
Mr A Tshifularo (Avhapfani)
Managing Director Soulh African Petroleum Industry Association
PO Box 783482 SANDTON 2146
Work 011 783 7664 Email fani@sapia.co.za
NOTE: Mr McClelland Relired

South African Commercial Fisherman
Ms C Attwood (Clair)
South African Commercial Fisherman
POBox705 RONDEBOSCH 7701
Email caltwood@mweb.co.za
NOTE: Send info via email.
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South African Commercial Fishermen Corp
Mr Wolhuter ()
South African Commercial Fishermen Corp
37 Guarantee House Burg Slreet CAPE TOWN 8001
Cell 082373 6007

South African Commercial Line Fishing Assoclation
0
South African Commercial Line Fishing Association
P OBox383 YZERFONTEIN 7351
Email boaling@lelkomsa.net

Mnr W Croome (Wally)

South African Commercial Line Fishing Association

Posbus 141 YZERFONTEIN 7351

Fax 0224512787 Cell 0833216901 Email ladymfishing@telkomsa.net

South African Deep Sea Angling Association
Mr C Hagan (Craig)
South African Deep Sea Angling Association
Work (021) 949 6008 Cell 082 465 0297 Email craig@hdpbrokers.co.za

Dr CBK Jones (Bruce)

South African Deep Sea Angling Associalion

POBox 776  UMHLALI 4390

Fax 086528 1022 Cell 0826710305 Email admin@sadsaa.com

South African Deep Sea Trawling Industry Ass.
Mr R Bross (Roy)
The Secretary South African Deep Sea Trawding Induslry Ass.
P OBox2066 CAPE TOWN 8000

Work 0214252727 Fax 0214254734 Email deepsea@iafrica.com
NOTE: Note: Send corr. via email
Mr N Geland (N)

South African Deep Sea Trawling Induslry Ass.
P OBox 2066 CAPE TOWN 8000

Ms N Traut (Natasha)

South African Deep Sea Trawling Induslry Ass.

POBox 6636 ROGGEBAAI 8012

Work 0214194424 Fax 0214195724 Email tpstraut@marpro.co.za
NOTE: John pope no longer viorks there

South African Hake Longline Association
Mr C Bodenham (Clyde)
South African Hake Longline Associalion
47lh on Strand Slrand Street CAPE TOWN 8001
Cell 082 445 5357 Email clyde@molimoman.co.za

South African Heritage Resources Agency (SAHRA)
Dr M Galimberti (Mariagrazia)
Archaeology, Palaeontology & Meteorite Unit South African Herilage Resources Agency (SAHRA)
PO Box 4637 CAPE TOWN 8000
Work 021462 4502 Fax 021462 4509 Email mgalimberli@sahra.org.za
NOTE: 111 Harrington St, CAPE TOWN, 8000

South African Inshore Fishing Industry Association
Mr D de Villiers (Dan)
South African Inshore Fishing Induslry Association
POBox 2066 CAPE TOWN 8000
Work 0214252727 Fax 0214254734 Email dan@new.co.za
NOTE: safish@new.co.za - SA Pelagic Fishing Induslry Association

South African Maritime Safety Authority (SAMSA)
Mr D Colly (Dave)
Western Regional Manager Soulh African Maritime Safely Aulhority (SAMSA)
Private Bag X7025 ROGGEBAAI 8012
Work 0214216170 Email dcolly@samsa.org.za
NOTE: 2 Long Street, 19th Floor, Cape Town, 8001
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South African Navy Hydrographic Office
Lieutenant | Coetzer (Irene)
South African Navy Hydrographic Office
Private Bag X1  TOKAI 7966
Work 021787 2408 Fax 021787 2233 Email hydrosan@iafrica.com

Mr M Nelson (Malcolm)

South African Navy Hydrographic Office

Private Bag X1 TOKAI 7966

Work 021 787 2444 Fax 021787 2233 Email hydrosan@iafrica.com

Commander TJ van Niekerk (TJ)

South African Navy Hydrographic Office

Privale Bag X1 TOKAI 7966

Work 021 787 2445 Fax 021787 2228 Email hydrosan@iafrica.com
NOTE: please email only

South African Oil & Gas Alliance
M Xiphu (Mthozami)
Acling Director South African Oil & Gas Alliance
POBox6142 ROGGEBAAI 8012
Work 0214258840 Fax 0214217928 Email mxiphu@offshoreafrica.co.za
NOTE: Mr Biyth no longer with company Mr Schwabe no longer with the company

South African Pelegic Fish Industry Association
Mr P Foley (Peter)
South African Pelegic Fish Induslry Association
P OBox2066 CAPE TOWN 8000
Work 0214252727 Fax 0214254734 Email safish@new.co.za
NOTE: Secrelary of Wesl Coast Rock Lobster Industry Association

South African Sea Products Ltd
Mr J Kamfer (Johan)
Soulh African Sea Producls Ltd
POBox56 PAARDEN EILAND 7420

South African Squid Management Industrial Ass.
Dr E van Niekerk (Eugene)
South African Squid Management Industrial Ass.
P O Box 13130 Suite 196 HUMEWOOD 6013
Work 041582 1615 Email aqfishing@mweb.co.za

South African Tuna Assoclation
Mr C Bodenham (Clyde)
Soulh African Tuna Associalion
47lh on Strand Strand Slreet CAPE TOWN 8000
Work 0214236592 Fax 021426 5436 Email sala@mweb.co.za

South African Tuna Longline Association
Mr R Ball (Richard)
Secretary South African Tuna Longline Association
P O Box 3277 CAPE TOWN 8000
Email rball@iafrica.com

South Coast Rock Lobster Association
Mr S Bhana (Shaun)
Soulh Coast Rock Lobsler Associalion
POBox181 CAPE TOWN 8000
Work 021 4190124 Fax 0214190731 Email shaunb@premfish.co.za
NOTE: Dean Stacey left the company. June 2012

Southern Sea Fishing
Mrs H Jordaan (Hilda)
Manager Southern Sea Fishing
POBox4 SALDANHA 7395
Work 022 714 1211
NOTE: 5 Main Street, Saldanha 7395. We used to send letters to Mr G Engelbrecht
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Viking Fishing

Mr P W Bacon (Peter)

Viking Fishing

P OBox6030 ROGGEBAAI 8012

Work 0214194140 Fax 0214196731 Email peter@vikingfishing.co.za
Visko

Mr F Walters ()

Visko

POBox16 ST HELENABAY 7380

Work 022 736 1100 Cell 083 284 7064 Email visko@mweb.co.za
VM Young Visserye Bk

V Young (Vincent)

VM Young Visserye Bk
Posbus 214  PORT NOLLOTH 8280
Work 027 8518839 Fax 027 8518839 Cell 0828060814

Weskus Vissers KO-OP Bpk
U Donaggi ()
Weskus Vissers KO-OP Bpk
POBox267 SALDANHA 7395
Work 022 714 2027

Weskus Vissersunie
L Oktober ()
Weskus Vissersunie
Quickfall Singel 566 LAMBERTSBAAI 8130

West Coast Marine Conservation Soclety
V Kabelin (Vic)
West Coast Marine Conservalion Sociely
39 Highway Road  FISH HOEK 7975

West Coast Rock Lobster Industry Assoclation
Mr D Grant (Donald)
Chairperson West Coast Rock Lebster Indusiry Association
P O Box 2066 CAPE TOWN 8000
Work 021 419 6830
NOTE: donald@primordium.co.za returned, telephone no longer works

West Point Processors (Pty) Ltd
Mr G Goossen ()
West Point Processors (Ply) Ltd
POBox 15 ST HELENA BAY 7390
Work 022736 1100 Fax 022 736 1282

Western Cape Commercial Linefish Association
Mr B Eksteen (Bakkles)
Weslern Cape Commercial Linefish Association
Fax 0115953737 Cell 0833019070 Email Bakkies52@gmail.com

Western Cape Marine Conservation Society
H Steyn (Hymie)
Western Cape Marine Conservation Sociely
P OBox4181 CAPE TOWN 8000
Work 021 21 3611

Wildlife & Environment Society of SA (WESSA)
Mr P Dowling (Patrick)
Wildlife & Environment Society of SA (WESSA)
P OBox30145 TOKAI 7966
Work 0217011397 Fax 021701 1399 Email palrick@wessa.co.za

World Shipping Agencies
Mr N Warner (Nils)
World Shipping Agencies
P O Box 1573 CAPE TOWN 8000
Work 0214197223 Fax 021418 6068 Email nils.warner@worldshipping.co.za
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WWF South Africa
Dr S Petersen (Samantha)
Manager WWF South Africa
Marine Programme P O Box 23273 CLAREMONT 7735
Work 021657 6600 Fax 086 5359433 Email spetersen@wwif.org.za
NOTE: Aaniyah Omardien no longer works for the company July12

I 158 names listed




APPENDIX 1.2

NOTIFICATION LETTER, BACKGROUND INFORMATION
DOCUMENT AND REGISTRATION / RESPONSE FORM



An04/Let-30 Jani3

30 January 2013
Dear Sir / Madam

ANADARKO PETROLEUM CORPORATION - APPLICATION FOR AN EXPLORATION RIGHT TO
UNDERTAKE OIL AND GAS EXPLORATION ACTIVITIES IN BLOCK 2C, OFF THE WEST COAST
OF SOUTH AFRICA: PROJECT NOTIFICATION AND REGISTRATION PROCESS

This letter and attached Background Information Document (BID) provides information on an
application for an Exploration Right to explore for oil and gas reserves in Block 2C situated off the
West Coast of South Africa and the opportunily to register as an interested and affected party (1&AP)
on the project database and comment on the proposed project.

Anadarko Petroleum Corporation (Anadarko) has applied to the Petroleum Agency of South Africa

(PASA) in terms of Section 79 of the Mineral and Petroleum Resources Development Act (No. 28 of

2002) (MPRDA) for an Exploration Right in Licence Block 2C. Anadarko is proposing to explore for oil

and gas using various methodologies which may include:

i 2D/3D seismic surveys; and

2. Seafloor geochemical surveying consisting of mutlibeam bathymetry, seafloor sampling and
heatflow measurements.

In terms of the MPRDA, a requirement for obtaining an Exploration Right is that an Environmental
Management Programme (EMP) must be compiled in terms of Section 39 of the MPRDA and
submitted to PASA for consideration and for approval by the Minister of Mineral Resources. Anadarko
has appointed CCA Environmental (Pty) Ltd (CCA) to compile an EMP to meet the relevant
requirements of the MPRDA and the Regulations thereto. A BID providing preliminary project details has
been compiled and is enclosed for your information.

If you or your organisation wish to register as an I&AP and/or wish to raise any issues or concerns
regarding the proposed project, please make use of the altached Response Form and forward it to
Jeremy Blood of CCA (contact details below) no later than 20 February 2013.

Should you have any queries in this regard please do not hesitate to contact our Jeremy Blood or the
undersigned.

Yours sincerely

Jonathan Crowther Pr.Sci.Nat., CEAPSA
CCA ENVIRONMENTAL (PTY) LTD
Encl.
AnO4sslconmit&APsNel — Notification & Reg'stration Rev 0 30 Jani3
O CCA ENVIRONMENTAL (Ply) Ltd + Consulting Services
Unit 35 Roeland Square 30 Diury Lane Cape Town 8001 « PO Box 10145 Caledon Square 7905

Tel +27 (21) 461 1118/9 + Fax +27 (21) 461 1120 + email: info@ccaenvironmental.co.za + website: vawnv.ccaenviconmental.co.za

Directors: J Crowther F Fredericks « Associate: J Blood * Reg No 2003/019026/07



51 Seismic survey

Seismic surveys are conducted during marine oil and
gas exploration in order to investigate sub-sea
geological formations. During seismic surveys high-
level, low frequency sounds are directed towards the
seabed from near-surface sound sources towed by a
vessel.  Signals  reflected from  geological
discontinuities below the sea floor are recorded by
towed hydrophones. Analyses of the returned signals
allow for interpretation of subsea geological
formations. Seismic surveys are undertaken to collect
either two-dimensional (2D) or three-dimensional (3D)
data.

A seismic vessel would travel along transects of a
prescribed grid within the Block 2C licensed area,
which is selected to cross any known or suspected
geological structures in the area. During surveying
vessels would travel at a speed of 4 to 6 knots.

A 2D survey typically involves a towed airgun array
and a single streamer, whereas 3D surveys use
multiple streamers. A single array can be up to
10 000 m long. The airguns are commonly towed
some 100 m behind the vessel at a depth of 5 to 10 m
below the surface. A surface tail-buoy with radar
reflectors is connected to the end of the streamer. A
typical 3D seismic survey configuration is illustrated in
Figure 2.
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Figure 2: Typical configuration for a 3D seismic survey
operation. Safe operational limits applicable to
hoth 2D and 3D surveys are also shown.

The airgun is an underwater pneumatic device from
which high-pressure air is released suddenly into the
surrounding water. On release of pressure the
resulting bubble pulsates rapidly producing an acoustic
signal that is proportional to the rate of change of the
volume of the bubble. The frequency of the signal
depends on the energy of the compressed air prior to
discharge. Arrays of airguns could typically produce
sound levels in the region of 250 dB re 1 mPa @ 1 m.
The majority of energy produced is in the 0 to 120 Hz
bandwidth, although energy at much higher
frequencies is also recorded.

The sound source is fired at approximately 10-20
second intervals and the sound waves are reflected by
boundaries between sediments of different densities.
Returned signals are processed by computer after
being recorded by the hydrophone streamer.

The acquisition of high quality seismic data requires
that the position of the survey vessel and the array be
accurately known. Seismic surveys consequently
require accurate navigation of the sound source over
pre-determined survey transects. This, and the fact
that the array and the hydrophone streamers need to
be towed in a set configuration behind the tow-vessel,
means that the survey operation has little
manoeuvrability while operating. Under the Merchant
Shipping Act (No. 57 of 1951), a seismic survey vessel
that is engaged in surveying is defined as a “vessel
restricted in its ability to manoeuvre” and requires that
vessels engaged in fishing shall, so far as possible,
keep out of the way of a vessel restricted in her ability
to manoeuvre. It should also be noted that under the
Marine Traffic Act (No. 2 of 1981), a seismic survey
vessel and its array of airguns and hydrophones fall
under the definition of an “offshore installation” and as
such it is protected by a 500 m safety zone. It is an
offence for an unauthorised vessel to enter the safety
zone. In addition to a statutory 500 m safety zone, a
seismic contractor would request a safe operational
limit (that is greater than the 500 m safety zone) that it
would like other vessels to stay beyond. Typical safe
operational limits for 2D and 3D surveys are illustrated
in Figure 2.

5.2 Seafloor Geochemical Survey

A seafloor geochemical survey combines high-
resolution Multibeam Bathymetry, sub-bottom acoustic
profiles, navigated sea-hottom piston cores and
seabed heatflow measurements.



5.2.1 Multibeam Bathymetry Survey

A multi-beam bathymetry survey may also be
conducted in Block 2C license area. This survey
produces a digital terrain model of the seafloor. A
survey vessel is equipped with a deep water multi-
beam echo sounder and a sub-bottom profiler to
obtain a digital terrain model of the structure and
geology of the seafloor (see Figure 3).

Figure 3 Illustration of a vessel using multi-heam

depthlecho sounders (hitp://www.gns.cri.nz/).

Note that this type of survey typically does not require
the vessel to tow any cables. However, due to the
operational nature of this work would be “restricted in
her ability to manoeuvre”.

The multi-heam echo sounder emits a fan of acoustic
beams from a fransducer at frequencies ranging from
10 kHz to 200 kHz and typically produces sound levels
in the order of 207 db re 1pPa at 1m (approximately 1
000 time less than the seismic survey). The sub-
hottom profiler emils an acoustic pulse from a
transducer at frequencies ranging from 3 kHz to 40
kHz and typically produces sound levels in the order of
206 db re 1uPa at 1m.

5.2.2 Seafloor Sampling Programme

The seafloor sampling program would consist of
collecting seafloor sediment samples for laboratory
geochemical analyses in order to determine if there
are any naturally occurring hydrocarbons are present.

Today, piston coring is one of the more common
seafloor sampling methods. A piston coring device with
ultra-short baseline (ushl) navigation would be used to
collect the seafloor samples (see Figure 4). The piston
corer is lowered over the side of the survey vessel and
allowed to free fall from about 3 m above the seafloor

to allow good penetration. The USBL navigation
system is used to accurately track the position of the
core through the water column and position the core
over the desired target for sampling.

The program would likely utilize core barrel capable of
retrieving sediment samples that are up to 6 m in
length and 6.7 cm in diameter. Recovered sediment
samples would be visually described and sampled for
geochemical analysis.

It is anticipated that up to 200 core samples would be
collected across Block 2C. Each individual core would
have a disturbance volume of 0.02 m? respectively,
resulting in a total disturbance volume of
approximately 4.23 m?®, respectively. The number of
cores samples and the exact location would be
identified following the analysis of the multi-beam
bathymetric survey results.

Figure 4 Schematic of a piston core operation at the
seabed.

5.2.3 Seabed Heatflow Measurements

Seabed heatflow measurements can be taken
simultaneous with the seafloor sampling, and are
deployed by the same methods. The probe is
navigated to specific target sites using the USBL
navigation described in the previous section. The
primary goal of this program is to measure the thermal
conductivity of the sea bed sediments in numerous
locations throughout the survey area to provide a
representative dataset.

The heatflow probe is normally 3 m in length and has
16 sensors (see Figure 5). The first eleven measure
temperature within the probe at 30 cm intervals down
into the sediment. The remaining sensors measure the
water temperature, internal temperature of the probe,
the tilt of the probe from vertical, water pressure, as
well as a reference resistor. The probe is lowered into



the sea bed for a minimum of 20 minutes. A heat
pulse is applied thru the probe which allows the
thermal conductivity of the sediments to be measured.
No material is removed from the sea bed, and the
entire probe is retrieved at the end of the
measurement. It is anticipated that up to 50 separate
heaflow measurements may be taken during this
programme within the Block 2C license area.

Data s
Logger == |
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Figure 5: Heat flow probe schematic (TDI-Brooks).

6. KEY ISSUES TO BE INVESTIGATED

The following key issues have already been identified

in relation to seismic and seafloor geochemical survey

consisting of multibeam bathymetry, seafloor sampling,
and seabed heatflow measurements:

o Noise effects on marine fauna from seismic and
multi-beam bathymetry surveys, and seafloor
sampling;

o  Potential effects on the fishing industry due to
temporary displacement of fishing activities;

e Interference with marine recreational facilities and
transport routes; and

o  Waste discharge to sea and atmosphere.

These potential impacts will be addressed in the EMP
for the proposed activities in Block 2C.

e YOUR INVITATION TO COMMENT AND
PARTICIPATE IN THE PROCESS

If you or your organisation wishes to register as an
Interested and Affected Party (I&AP) and/or to raise
any issues or concerns regarding the proposed
project, please contact Jeremy Blood of CCA at the
contact details below. An I&AP Registration and
Response Form has been altached for registration and
commenting purposes.

For comments to be included in the EMP they should
be forwarded to CCA no later than 20 February 2013.

Atftention: Jeremy Blood
CCA Environmental (Pty) Ltd
PO Box 10145, Caledon Square, 7905
Unit 35 Roeland Square, 30 Drury Lane, Cape Town, 8001

Tel: (021) 461 1118/9 Fax: (021) 461 1120
Email: jeremy@ccaenvironmental.co.za

CCa

ENVIR@NMENTAL

An04ss/BID/BID Rev 4 (30 Jan13)




- APPLICATION FOR AN EXPLORATION RIGHT TO UNDERTAKE SEISMIC
AND SEAFLOOR GEOCHEMICAL SURVEYS IN
LICENSE BLOCK 2C, WEST COAST, SOUTH AFRICA

INTERESTED AND AFFECTED PARTY (I&AP) REGISTRATION AND RESPONSE FORM

Would you or your organisation like to become a registered I&AP and continue to receive information on the
proposed project?

Yes No

Name:

Organisation:

Postal address:

Email address:

Telephone number: Fax number:

Do you or your organisation have any issues or concerns regarding the proposed exploration in Block 2C?

Yes No

If yes, please provide details helow:

Please forward to:
CCA ENVIRONMENTAL (PTY) LTD

Attention: Jeremy Blood Comments must reach
Unit 35, Roeland Square, 30 Drury Lane, CAPE TOWN, 8001 CCA Environmental no later than
PO Box 10145, Caledon Square, 7905 20 February 2013.

Tel: (021) 461 1118/9  Fax: (021) 461 1120
Email: jeremy@ccaenvironmental.co.za
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ANADARKO PETROLEUM CORPORATION - APPLICATION FOR AN EXPLORATION
RIGHT TO UNDERTAKE OIL AND GAS EXPLORATION ACTIVITIES IN BLOCK 2C,
Project: OFF THE WEST COAST OF SOUTH AFRICA: PROJECT NOTIFICATION AND
REGISTRATION PROCESS
Letter AN/04/SS
Reference:
Number of 48
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Date posted: 30 JANUARY 2013
Post Office: Mill Street Post Office, Cape Town
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Mrs H Jordaan
Manager

Southem Sea Fishing
P O Box 4
SALDANHA

7395

Mr Koslert
Trachurus Fisheries

. PO Box &6

ST HELENA BAY
7390

| Mr R Burke

Transwes Fisheries
P O Box 41
SALDANHA

| 7395

' U Donaggi

Weskus Vissers KO-OP Bpk

P O Box 267
SALDANHA

' 7395

, Mr D Grant
| Chairperson

I West Coast Rock Lobsler Induslry Association

P O Box 2066
CAPE TOWN
8000

Mr N Brink

Stephan Rock Lobster Packers
clo SA Sea Products Lid

P O Box 26803

HOUT BAY

7672

Mr L Delport

CEO

Trans Hex Group Limited
P O Box 723

PAROW

7409

F Brutus

Umfendini Fishing cc
P O Box 1044
SALDANHA

7395

L Oktober

Weskus Vissersunie
Quickfall Singel 56
LAMBERTSBAAI
8130

NMr G Goossen

West Point Processors (Pty) Ltd
P OBox 16

ST HELENA BAY

73280

S Sidloyi

Thembanl Fisheries
3 St Marks Strest
LAMBERTS BAY
8130

Mr D Visser

Port Engineer

Transnet National Ports Authority
P O Box 4245

CAPE TOWN

8000

V Young

VM Young Visserye Bk
Posbus 214

PORT NOLLOTH

8280

V Kabelin

West Coast Marine Conservation Sociely

39 Highway Road
FISH HOEK
7975

H Steyn

Wesltern Cape Marine Conservallon Society

I* G Box 4191
CAPE TOWN
8000

! FQLIO a
| Miltetrest Posi Offica
|

(Zﬂl.ar.\"_[lhﬁ 0
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Ms N Magubane

Deputy DG: Energy Planning & Hydrocarbons
Depariment of Energy

Privale Bag X19

ARCADIA

0007

Mr D van anlwerpen

Helderberg Commercial Linefish Operators assoc
PO Box 1434

GORDONS BAY

7150

Mr B Leask

Irvin & Johnson Limited
Privale Bag X5
WATERFRONT

8002

Mr C Goliath
Masakhane Fishing
St Markstraat 47
LAMBERTSBAAI
8130

Mr C van Wyk

Pakamani Fishing (Pty) Ltd
P O Box 41

SALDANHA

7395

Saint Helena Bay Fishing Industries
P O Box 50

STOMPNEUS BAY

7382

Mr 8 McGeoch

NV Execulion Manager: SSA
Shell

Carel van Blandlaan 30,
Poslbus 663

THE HAGUE

2501CR

Mr Wolhuler

Soulh African Commercial Fishermen Comp
37 Guarantes House

Burg Strest

CAPE TOWN

8001

Mrs W Oppel

Department of Env, Affairs & Nature Conservation
Private Bag X16

SPRINGBOK

8240

Mr N Brink

Hicksons Fishing Company Ltd
¢/o SA Sea Products Ltd

P O Box 26803

HOUT BAY

7872

Mr G Booth
Manager

LHB South Africa
P O Box 473
SALDANHA
7395

Mr N Brink

Namaqua Fishing Company Ltd
¢/o SA Sea Producls Ltd

P O Box 26803

HOUT BAY

7872

N Latsky

Paternoster Fishery Group
Posbus 3859
TYGERVALLEI

7536

Mr P Carstens
Sandy Point Fishing
P O Box 87

ST HELENA BAY
7380

Ms F Shaik

Shell South Africa Exploralion B.V.
Privale Bag X19

BRYANSTON

2012

Mr N Geland

South Afrlcan Deep Sea Trawling Indusley Ass.
P O Box 2066

CAPE TOWN

8000

Mr R Cullen

Programme Manager

Diamond Flelds Soulh Africa (Pty) Ltd
P O Box 7425

ROGGEBAAI

8012

Mr N Brink

lkamva Lethu Fishing Company (Ply) Ltd
c/o SA Sea Products Lid

P O Box 26803

HOUT BAY

7872

L

Lusitania Trawling Services
P O Box 7365
ROGGEBAAI

8012

Mr PP Rabe |
Oranjevis St Helena Bay '
P O Box 25

ST HELENA BAY |
7390

A Pouraulis
Pelra Diamonds
P O Box 377
LANSERIA
1748

Mr H Gomez

Chalrman

Shark Longline Association
20 Woodhead Drive
EDGEMEAD

7441

Ms G Sidloyl
Sidloye Fisheries
121 Fissant Street
LAMBERTS BAY
8130

Mr J Karnfer

South African Sea Products Lid
P O Box 56

PAARDEN EILAND

7420



Jeremy Blood - C_Ci Environmental

From:
Sent:
To:

Cc:
Subject:

Attachments:

= =

Mandy Kula <mandy@ccaenvironmental.co.za>

30 January 2013 02:37 PM

admin@sadsaa.com; admin@tunahake.co.za; admin@tunahake.co.za;
adriana.garcia@bhpbilliton.com; ajboyd@environment.gov.za;
alastair.milne@shell.com; alex.miya@transnet.net; alex@thomhopetroleum.com;
alison.futter@petrosa.co.za; andrew@kaytrad.co.za; apulfrich@pisces.co.za;
aqfishing@mweb.co.za; Bakkies52@gmail.com; boating@telkomsa.net;
bronwyn@gmail.com; carl.vanderlingen@gmail.com; cattwood@mweb.co.za;
ccwu@mofa.gov.tw; chris@africantuna.com; ckotze@jmss.co.za;
clyde@molimoman.co.za; craig@hdpbrokers.co.za; cthomas@emgs.com;
dan@new.co.za; dcolly@samsa.org.za; deepsea@iafrica.com;
destadler@lando.co.za; don@comfish.co.za; edwardb@npa.co.za; fani@sapia.co.za;
favanzyl@hotmail.com; ftea@telkomsa.net; gclemitson@gmail.com;
hans@bigcatch.co.za; hydrosan@iafrica.com; ian.mclach@gmail.com;
iorpty@iafrica.com; jappy@iafrica.com; jessica.courtoreille@petrosa.co.za;
jllanghus@forestoil.co.za; jmutyorauta@ncpg.gov.za; JohannAU@daff.gov.za;
john.hall@spectrumasa.com; johnp@ij.co.za; judianbruk@telkomsa.net;
julius.koen@gmail.com; kobusm@seaharvest.co.za; l.oberholzer@bowman.co.za;
ladymfishing@telkomsa.net; landuse@capenature.co.za;
larry.ward@bhpbilliton.com; lesley.roos@debeersgroup.com;
Ihutchin@deat.gov.za; major.smith@bhpbilliton.com;
marek.ranoszek@anadarko.com; mario@lusitaniafishing.co.za;
marta.henriques@sasol.com; martsternlaw@mweb.co.za; mcopeland@ob.co.za;
mfishing@mweb.co.za; mgalimberti@sahra.org.za; michaeld@premfish.co.za;
millss@petroleurnagencysa.com; Mmeyer@environment.gov.za;
mpotgieter@ob.co.za; msands@bluecon.co.za;
mushwanas@petroleumagencysa.com; muzi.mkhize@energy.gov.za;
mvdh@pioneerfishing.co.za; mwdapg@mweb.co.za; nassarg@ij.co.za;

neil. fraser@aurumar.co.za; ngesip@petroleumagencysa.com;
nigel.rossouw@shell.com; nils.warner@worldshipping.co.za; nivalda@yant.co.za;
nusum@new.co.za; pandanet@global.co.za; patrick@wessa.co.za;
pbest@iziko.org.za; peter.dekker@sasol.com; peter@vikingfishing.co.za;
ppkuttel@iafrica.com; priscauys@yahoo.com; procher@bluecon.co.za;
randallct@cs.com; rball@iafrica.com; robyn.hollick@msgroup.net;
romar@environment.gov.za; russellh@seaharvest.co.za; rventura@bluecon.co.za;
s.obrien@smit.com; safish@new.co.za; sata@mweb.co.za; shyc@imaginet.co.za;
shaunb@premfish.co.za; simon.elwen@gmail.com;
solomon@sungusungugroup.com; southafrica@gacworld.com;
spetersen@wwf.org.za; taiyoct@mweb.co.za;
thovhakalea@petroleumagencysa.com; tim@selectafish.co.za;
tpstraut@marpro.co.za; trachandler@telkomsa.net;
trevor@thombopetroleum.com; varsha.singh@petrosa.co.za;
vincentm@transhex.co.za; vincentm@transhex.co.za; visko@mweb.co.za;
WadeT@daff.gov.za; whlyth@offshoreafrica.co.za; WillemB@daff.gov.za
‘Jonathan Crowther - CCA Environmental'; jeremy@ccaenvironmental.co.za;
gary.sparks@anadarko.com; terry.bentley@anadarko.com

NOTIFICATION OF APPLICATION FOR OIL AND GAS EXPLORATION ACTIVITIES IN
BLOCK 2C, OFF WEST COAST

Let I&AP - Notification and registration Rev 0 30 Jan13.pdf; 2C BID Rev 4 30
Janl3 .pdf

Dear Interested and Affected Party



ANADARKO PETROLEUM CORPORATION- APPLICATION FOR AN EXPLORATION RIGHT TO UNDERTAKE OIL AND
GAS EXPLORATION ACTIVITIES IN BLOCK 2C, OFF THE WEST COAST OF SOUTH AFRICA: PROJECT NOTIFICATION
AND REGISTRATION PROCESS

Please find attached a covering letter with a Background Information Document (BID) regarding the above
mentioned application.

Should you have any queries in this regard, please do not hesitate to contact Jeremy Blood or the undersigned.

Kind regards

Mandy Kula for
Jonathan Crowther

CCA ENVIRONMENTAL (Pty) Ltd  Consulting Services

Unit 35 Roeland Square 30 Drury Lane Cape Town 8001 ¢ PO Box 10145 Caledon Square 7905
Tel +27(21) 461 1118/9  Fax+27(21) 461 1120.

mandy@ccaenvironmental.co.za ¢ website: www.ccaenvironmental.co.za

Directors: ] Crowther F Fredericks » Associate: ] Blood ¢ Reg No 2003/019026/07

Disclaimer: "All views or opinions expressed in this electronic message and its attachments are the view of
the sender and do not necessarily reflect the views and opinions of CCA Environmental."



APPENDIX 1.3
ADVERTISEMENTS
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APPENDIX 1.4
I&AP CORRESPONDENCE



l APPLICATION FOR AN EXPLORATION RIGHT TO UNDERTAKE SEISMIC
AND SEAFLOOR GEOCHEMICAL SURVEYS IN
LICENSE BLOCK 2C, WEST COAST, SOUTH AFRICA

i INTERESTED AND AFFECTED PARTY (I&AP) REGISTRATION AND RESPONSE FORM

[ Would you or your organisation like to become a registered I&AP and continue to receive information on the
proposed project?

Yes % No

Neme: £ 4 RICE {HRS)

Organisation:

DOLPHIN ACTION & PROTECTION GROUP

Postal address: PO
FISH ﬁéEEZ%;‘q Emall address:

| Telephone number: Fax number:

mwdapg@mweb.co. za

N21 702 LOAL
Vi i UL JUSJ

( Do you or your organisation have any issues or concerns regarding the proposed expforation in Block 2C?

Yes No Not yet

| If yes, please provide details below:

Please forward lo:
CCA ENVIRONMENTAL (PTY) LTD

Attention: Jeremy Blood Comments must reach
Unit 35, Roeland Square, 30 Drury Lane, CAPE TOWN, 8001 CCA Environmental no later than
PO Box 10145, Caledon Square, 7905 20 February 2013.

Tel: (021) 461 1118/9  Fax: (021) 461 1120
Email: jeremy@ccaenvironmental.co.za




Jeremy Blood - CCA Environmental

==

From; Mandy Kula <mandy@ccaenvironmental.co.za>

Sent: 04 February 2013 11:08 AM

To: jeremy@ccaenvironmental.co.za

Subject: FW: Fw: NOTIFICATION OF APPLICATION FOR OIL AND GAS EXPLORATION
ACTIVITIES IN BLOCK 2C, OFF WEST COAST

Attachments: Let I&AP - Notification and registration Rev 0 30 Jan13.pdf; 2C BID Rev 4 30
Janl3 .pdf

From: Joseph Booysen [mailto:joseph.booysen@inl.co.za]

Sent: 04 February 2013 10:43 AM

To: mandy@ccaenvironmental.co.za

Cc: jeremy@ccaenvironmental.co.za

Subject: Fwd: Fw: NOTIFICATION OF APPLICATION FOR OIL AND GAS EXPLORATION ACTIVITIES IN BLOCK 2C,

OFF WEST COAST
Dear Mandy

I am writing a business article for tomorrow's Cape Argus based on the application notification by
Anardarko Petroleum Corporation and would greatly appreciate comment on the issue including:How big is
this operation in SA and which companies have already been granted licences to operate, how much revenue
and jobs does the industry create in SA and what environmental impact does the operation have on the area?
Would it be possible to get back to me by 2:30 pm?

Kind regards

Joseph Booysen

Consumer Reporter

Cape Argus

Tel: 021 488 4791

Cell: 082 483 2584

e-mail: joseph.booysen@inl.co.za

---------- Forwarded message ----------

From: Ryan Cresswell <ryan.cresswell@inl.co.za>

Date: 31 January 2013 22:50

Subject: Fwd: Fw: NOTIFICATION OF APPLICATION FOR OIL AND GAS EXPLORATION
ACTIVITIES IN BLOCK 2C, OFF WEST COAST

To: Joseph Booysen <joseph.booysen@inl.co.za>

Good one for Tues

---------- Forwarded message ---=~=----

From: Joseph Booysen <joseph.booysen@inl.co.za>

Date: |1 February 2013 08:47

Subject: Fwd: Fw: NOTIFICATION OF APPLICATION FOR OIL AND GAS EXPLORATION
ACTIVITIES IN BLOCK 2C, OFF WEST COAST

To: Ryan Cresswell <ryan.cresswell@inl.co.za>




APPENDIX 1.5
ISSUES AND RESPONSES TRAIL
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APPENDIX 1.6

I&AP NOTIFICATION OF
EMP COMMENT PERIOD



ANO4/Let-1Mart3

1 March 2013
Dear Sir / Madam

ANADARKO SOUTH AFRICA (PTY) LTD - PROPOSED OIL AND GAS EXPLORATION
PROGRAMME IN BLOCK 2C, OFF THE WEST COAST OF SOUTH AFRICA: AVAILABILITY OF
ENVIRONMENTAL MANAGEMENT PROGRAMME FOR REVIEW AND COMMENT

Our previous correspondence of 30 January 2013 has reference. This letter provides information on
the availability for comment of the Environmental Management Programme (EMP) prepared for the
above-mentioned proposed project.

Notice is hereby given in terms of the Minerals and Petroleum Resources Development Act, 2002
(No. 28 of 2002) (MPRDA) that the EMP is available for a 30-day public review and comment period
from Friday 1 March 2013 to Wednesday 3 April 2013 (which make provision for the public holidays
on 21 & 29 March 2013 and 1 April 2013). The EMP is available on the CCA Environmental website
(www.ccaenvironmental.co.za). A copy of the Executive Summary of the EMP is enclosed for your
reference.

If you or your organisation would like to submit comments on the EMP you should do so by no later
than Wednesday 3 April 2013 using the contact details provided below. A Response and Comment
Form has been enclosed to facilitate this process. All comments received will be incorporated, and
responded to, into an Issues and Responses Trail, which will be appended to the final report.

Should you have any queries on the above, or require any further information, please do not hesitate
to contact us.

Yours sincerely

Jeremy Blood Pr.Sci.Nat., CEAPSA
CCA ENVIRONMENTAL (PTY) LTD

Encl.

ANA04SS/Corr/i&APs/let - EMP comment period Rev 0 (1 Mar 13)

. CCA ENVIRONMENTAL (Pty) Ltd - Consulting Services
Unit 35 Roeland Square 30 Drury Lane Cape Town 8001 + PO Box 10145 Caledon Square 7905
Tel +27 (21) 461 1118/9 + Fax +27 (21) 461 1120 + email: info@ccaenvironmental.co.za + website: wwaccaenvironmental.co.za

Directors: J Crowther F Fredericks + Associate: J Blood + Reg No 2003/019026/07



Ms N Magubane

Deputy DG: Energy Planning & Hydrocarbons
Department of Energy

Privale Bag X19

ARCADIA

0007

Mr D van antwerpen

Helderberg Commercial Linefish Operators assoc
PO Box 1434

GORDONS BAY

7150

Mr B Leask

Irvin & Johnson Limited
Private Bag X5
WATERFRONT

8002

Mr C Goliath
Masakhane Fishing
St Markstraat 47
LAMBERTSBAAI
8130

Mr C van Wyk

Pakamani Fishing (Ply) Ltd
P O Box 41

SALDANHA

7386

Saint Helena Bay Fishing Industries
P O Box 50

STOMPNEUS BAY

7382

Mr 8§ McGeach

NV Execution Manager: SSA
Shell

Carel van Blandllaan 30,
Postbus 663

THE HAGUE

2501CR

Mrs W Oppel Mr R Cullen
Depariment of Env, Affairs & Nalure Conservation Programme Manager
Private Bag X16 Dlamond Fields South Africa (Pty) Ltd
SPRINGBOK P O Box 7425
8240 ROGGEBAAI
8012

Mr N Brink Mr N Brink
Hicksons Fishing Company Lid Ikamva Lelhu Fishing Company (Ply) Ltd
¢/o SA Sea Producls Ltd c/o SA Sea Products Ltd
P O Box 26803 P O Box 26803
HOUT BAY HOUT BAY
7872 7872
Mr G Boolh L
Manager Lusitania Trawling Services
LHB Soulh Africa P O Box 7365
P O Box 473 ROGGEBAAI
SALDANHA 8012
7395
Mr N Brink Mr PP Rabe
Namagqua Fishing Company Ltd Oranjevis St Helena Bay
c/o SA Sea Products Lid P O Box 25
P O Box 26803 ST HELENA BAY
HOUT BAY 7380
7872
N Latsky A Pouraulis
Palernoster Fishery Group Pelra Dlamonds
Posbus 3859 P O Box 377
TYGERVALLEl ... _ LANSERIA
7536 , e L "} 1748

{ feiiizs freseat [hn-, : '

! Gy gy

i
Mr P Carstens QL T I Mr H Gomez
Sandy Point Fishing™ ™~ ~—— =+ ~——___1 Chairman
P O Box 97 Shark Longline Assoclation
ST HELENA BAY 20 Woodhead Drive
7390 EDGEMEAD

7441

Ms F Shaik Ms G Sidloyi
Shell South Africa Exploration B.V. Sidloye Fisheries
Private Bag X19 121 Fissant Slreet
BRYANSTON LAMBERTS BAY
2012 8130



Mr Wolhuler

South African Commercial Fishermen Corp
37 Guarantee House

Burg Street

CAPE TOWN

8001

Mrs H Jordaan
Manager

Southern Sea Fishing
P O Box4
SALDANHA

7395

Mr Moslert
Trachurus Fisheries
P O Box 56

ST HELENA BAY
7380

Mr R Burke
Transwes Fisheries
P O Box 41
SALDANHA

7395

U Donaggl

Weskus Vissers KO-OP Bpk
P O Box 267

SALDANHA

7395

Mr D Grant

Chairperson

West Coast Rock Lobster Industry Assaciation
P O Box 2066

CAPE TOWN

8000

Mr N Geland

South African Deep Sea Trawling Induslry Ass,
P O Box 2066

CAPE TOWN

8000

Mr N Brink

Stephan Rock Lobster Packers
clo SA Sea Products Lid

P O Box 26803

HOUT BAY

7872

Mr L Delport

CEO

Trans Hex Group Limited
P O Box 723

PAROW

7499

F Brulus

Umfondini Fishing cc
P O Box 1044
SALDANHA

7395

L Oklober
Weskus Vissersunie
Quickfall Singel 56

LAMBERTSBAAI S

8130 ! ik

Mr G Goossen e il jaje e

West Poinl Procéssors (Ply) Ltd— -~

POBox 16
ST HELENA BAY
7390

Mr J Kamfer

South African Sea Products Ltd
P O Box 56

PAARDEN EILAND

7420

S Sidloyi

Thembani Fisheries
3 St Marks Street
LAMBERTS BAY
8130

Mr D Visser

Port Engineer

Transnet National Porls Authority
P O Box 4245

CAPE TOWN

8000

V Young

VM Young Visserye Bk
Posbus 214

PORT NOLLOTH

8280

V Kabelin

West Coast Marine Conservalion Society
39 Highway Road

FISH HOEK

7975

H Steyn

Western Cape Marine Conservation Society
P O Box 4191

CAPE TOWN

8000



From: Jeremy Blood - CCA Environmental [mailto:jeremy@ccaenvironmental.co.za]

Sent: 01 March 2013 08:19 AM

Ta: 'Mandy Kula'; 'admin@sadsaa.com’; 'admin@tunahake.co.za'; 'admin@lunahake.co.za'; 'adriana.garcia@bhpbilliton.com’;
‘ajboyd@environment.gov.za'; 'alastair.milne@shell.com’; ‘alex.miya@lransnet.net’; 'alex@thombopetroleum.com’;
‘alison.fuller@petrosa.co.za’; "andrew@kaylrad.co.za'"; ‘apulfrich@pisces.co.za'; 'aqfishing@mweb.co.za'; ‘Bakkies52@gmail.com’;
'boaling@lelkomsa.net’; '‘bronwyn@gmail.com’; ‘carl.vanderlingen@gmail.com'; ‘caltwood@mvieb.co.za', ‘ccvu@mofa.gov.iw';
'chris@alricantuna.com'’; 'ckolze@jmss.co.za'; 'clyde@molimoman.co.za', 'craig@hdpbrokers.co.za’; ‘cthomas@emgs.com’;
'dan@new.co.za’; 'dcolly@samsa.org.za’; 'deepsea@iafrica.com'; 'desladler@lando.co.za'; 'don@comfish.co.za’;
‘edwardb@npa.co.za'; 'fani@sapia.co.za'; 'favanzyl@hotmail.com’; 'ftea@lelkomsa.net’; 'gclemitson@gmail.com';
'hans@bigcatch.co.za’; 'hydrosan@iafrica.com’; 'ian.mclach@gmail.com'; 'orply@iafrica.com’; 'jappy@iafrica.com’;
'jessica.courtoreille@petrosa.co.za'; 'jllanghus@forestoil.co.za"; jmutyorauta@ncpg.gov.za'; 'JohannAU@daff.gov.za',
'john.hall@spectrumasa.com’; ‘johnp@ij.co.za'; 'judianbruk@telkomsa.net’; 'julius.koen@gmail.com’; 'kobusm@seaharvest.co.za',
'Loberholzer@bowman.co.za'; Tadymfishing@telkomsa.nel’; 'landuse@capenature.co.za'; 'larry.ward@bhpbilliton.com';
'lesley.roos@debeersgroup.com’; 'lhulchin@deat.gov.za'; 'major.smith@bhpbilliton.com’; 'marek.ranoszek@anadarko.com’;
'mario@Iusitaniafishing.co.za’; 'marla henriques@sasol.com’; 'maristernlaw@mweb.co.za"; 'mcopeland@ob.co.za';
'mfishing@mweb.co.za’; 'mgalimberli@sahra.org.za'"; ‘michaeld@premfish.co.za’; 'millss@petroleumagencysa.com'’;
‘Mmeyer@environment.gov.za'; 'mpolgieter@ob.co.za'; 'msands@bluecon.co.za'; 'mushwanas@petroleumagencysa.com’;
'muzi.mkhize@energy.gov.za'; 'mvdh@pioneerfishing.co.za'; 'mwdapg@mweb.co.za'; 'nassarg@ij.co.za’;

‘neil. fraser@aurumar.co.za'; 'ngesip@petroleumagencysa.com'; 'nigel.rossouw@shell.com’; 'nils.warner@worldshipping.co.za;
‘nivalda@yant.co.za’; nusum@new.co.za'; 'pandanet@global.co.za’; ‘palrick@wessa.co.za'; 'pbest@iziko.org.za";
‘peter.dekker@sasol.com’; "peter@vikingfishing.co.za’; 'ppkuttel@iafrica.com’; 'priscauys@yahoo.com’; 'procher@bluecon.co.za’,
‘randallct@cs.com’; 'rball@iafrica.com'; 'robyn.hollick@msgroup.net’; ‘romar@environment.gov.za'; 'russellh@seaharvest.co.za’;
'rventura@bluecon.co.za'; 's.obrien@smit.com’; 'safish@new.co.za'; 'sata@mweb.co.za’; 'sbyc@imaginet.co.za';
'shaunb@premfish.co.za'; 'simon.elwen@gmail.com'; 'solomon@sungusungugroup.com'; 'southafrica@gacworld.com';
'spetersen@wwf.org.za'; faiyoct@mweb.co.za'; 'thovhakalea@petroleumagencysa.com'; 'im@selectafish.co.za’;
‘tpstraut@marpro.co.za'; 'lrachandler@telkomsa.net’; 'trevor@thombopelroleum.com'; 'varsha.singh@peltrosa.co.za’;
'vincenlm@lranshex.co.za'’; 'vincentm@lranshex.co.za'; 'visko@mweb.co.za'; 'WadeT@daff.gov.za"; 'whlyth@ofishoreafrica.co.za';
'WillemB@daff.gov.za’; joseph.booysen@inl.co.za'

Cc: 'Jonathan Crowther - CCA Environmental’; 'gary.sparks@anadarko.com’; 'terry.benlley@anadarko.com’; Ranoszek, Marek
(Marek.Ranoszek@anadarko.com); 'Grant, Jim'; sarah@capfish.co.za; apulfrich@pisces.co.za

Subject: PROPOSED OIL AND GAS EXPLORATION PROGRAMME IN BLOCK 2C, OFF THE WEST COAST OF SOUTH
AFRICA: AVAILABILITY OF ENVIRONMENTAL MANAGEMENT PROGRAMME FOR REVIEW AND COMMENT

Dear Sir/ Madam

Our previous correspondence of 30 January 2013 has reference. This email (and altached letter) provides information on the
availability for comment of the Environmental Management Programme (EMP) prepared for the above-mentioned proposed project.

Notice is hereby given in terms of the Minerals and Pelroleum Resources Development Act, 2002 (No. 28 of 2002) (MPRDA) that the
EMP is available for a 30-day public review and comment period from Friday 1 March 2013 to Wednesday 3 April 2013 (which
make provision for the public holidays on 21 & 29 March 2013 and 1 April 2013). The EMP is available on the CCA Environmental
websile (www.ccaenvironmental.co.za). A copy of the Executive Summary of the EMP is attached for your reference.

If you or your organisation would like to submit comments on the EMP you should do so by no later than Wednesday 3 April 2013
using the contact details provided belov.. A Response and Comment Form has also been enclosed lo facilitate this process. All
comments received will be incorporated, and responded o, into an Issues and Responses Trail, which will be appended to the final
report.

Should you have any queries on the above, or require any further informalion, please do not hesitate to contact us.

Yours sincerely

Jeremy Blood Pr.Sci.Nat.,, CEAPSA
Associate

CCA ENVIRONMENTAL (Ply) Ltd + Consulling Services

Unit 35 Roeland Square 30 Drury Lane Cape Town 8001 + PO Box 10145 Caledon Square 7905

Tel +27 (21) 461 1118/9 « Fax + 27 (21) 461 1120 + jeremy@ccaenvironmental.co.za * website: www.ccaenvironmental.co.za
Directors: J Crowther F Fredericks * Associate: J Blood + Reg No 2003/019026/07

Disclaimer: "All views or opinions expressed in this electronic message and its altachments are the view of the sender and do not
necessarily reflect the views and opinions of CCA Environmental.”
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APPENDIX 2.1

CONVENTION FOR ASSIGNING
SIGNIFICANCE RATINGS TO IMPACTS



Anadarko: Proposed oil and gas exploration programme in Block 2C, West Coast, South Africa

CONVENTION FOR ASSIGNING SIGNIFICANCE RATINGS TO IMPACTS

Specialists must consider seven rating scales when assessing potential impacts. These include:

N g WON =

Extent;

Duration;

Intensity;
Significance;

Status of impact;
Probability; and
Degree of confidence.

In assigning significance ratings to potential impacts before and after mitigation specialists are instructed
to follow the approach presented below:

>

The core criteria for determining significance ratings are “extent” (Section 1), “duration”
(Section 2) and “intensity” (Section 3). The preliminary significance ratings for combinations of
these three criteria are given in Section 4.

The status of an impact is used to describe whether the impact would have a negative, positive or
zero effect of the surrounding environment. An impact may therefore be negative, positive (or
referred to as a benefit) or neutral.

Describe the impact in terms of the probability of the impact occurring (Section 5) and the degree of
confidence in the impact predictions, based on the availability of information and specialist
knowledge (Section 6).

Additional criteria to be considered, which could “increase” the significance rating if deemed
justified by the specialist, with motivation, are the following:

° Permanent / irreversible impacts (as distinct from long-term, reversible impacts);
° Potentially substantial cumulative effects; and
o High level of risk or uncertainty, with potentially substantial negative consequences.

Additional criteria to be considered, which could “decrease” the significance rating if deemed
justified by the specialist, with motivation, are the following:
° Improbable impact, where confidence level in prediction is high.

When assigning significance ratings to impacts after mitigation, the specialist needs to:

° First, consider probable changes in intensity, extent and duration of the impact after
mitigation, assuming effective implementation of mitigation measures, leading to a revised
significance rating; and

o Then moderate the significance rating after taking into account the likelihood of proposed
mitigation measures being effectively implemented. Consider:

o Any potentially significant risks or uncertainties associated with the effectiveness of
mitigation measures;

o The technical and financial ability of the proponent to implement the measure; and

o The commitment of the proponent to implementing the measure, or guarantee over
time that the measures would be implemented.

The significance ratings are based on largely objective criteria and inform decision-making at a project
level as opposed to a local community level. In some instances, therefore, whilst the significance rating of
potential impacts might be “low” or “very low”, the importance of these impacts to local communities or
individuals might be extremely high. The importance which Interested and Affected Parties (I&APs) attach

CCA Environmental (Pty) Ltd 1 Significance ratings



Anadarko: Proposed oil and gas exploration programme in Block 2C, West Coast, South Africa

to impacts must be taken into consideration, and recommendations should be made as to ways of
avoiding or minimising these negative impacts through project design, selection of appropriate
alternatives and / or management.

The relationship between the significance ratings after mitigation and decision-making can be broadly
defined as follows:

Significance rating | Effect on decision-making

Very Low; Low Would not have an influence on the decision to proceed with the proposed project, provided
that recommended measures to mitigate negative impacts are implemented.

Medium Should influence the decision to proceed with the proposed project, provided that
recommended measures to mitigate negative impacts are implemented.

High: Very High Would strongly influence the decision to proceed with the proposed project.

1. EXTENT

“Extent” defines the physical extent or spatial scale of the impact.

Rating | Description

LOCAL Extending only as far as the aclivily, limited to the site and its immediate surroundings.
Specialist studies to specify extent.

REGIONAL West Coast. Specialist studies to specify extent.

NATIONAL South Africa

INTERNATIONAL

2, DURATION

“Duration” gives an indication of how long the impact would occur.

Rating | Description

SHORT TERM 0-5years

MEDIUM TERM 6 - 15 years

LONG TERM Where the impact would cease after the operational life of the activity, either because of natural
process or human intervention.

PERMANENT Where mitigation either by natural processes or by human intervention would not occur in such
a way or in such time span that the impact can be considered transient.

3. INTENSITY

“Intensity” establishes whether the impact would be destructive or benign.

Rating | Description

ZERO TO VERY Where the impact affects the environment in such a way that natural, cultural and social

LOW functions and processes are not affected.

LOW Where the impact affects the environment in such a way that natural, cultural and social
functions and processes continue, albeit in a slightly modified way.

MEDIUM Where the affected environment is altered, but natural, cultural and social funclions and
processes continue, albeit in a modified way.

HIGH Where natural, cultural and social functions or processes are altered to the extent that it will
temporarily or permanently cease.

CCA Environmental (Pty) Ltd 2 Significance ratings



Anadarko: Proposed oil and gas exploralion programme in Block 2C, West Coasl, South Africa

4, SIGNIFICANCE

“Significance” attempts to evaluate the importance of a particular impact, and in doing so incorporates the
above three scales (i.e. extent, duration and intensity).

VERY HIGH Impacts could be EITHER:
of high intensity at a regional level and endure in the long term’;
OR of high intensity at a national level in the medium term;
OR of medium intensity at a national fevel in the long term.
HIGH impacts could be EITHER:
of high intensity at a regional level and endure in the medium term;
OR of high intensity at a national level in the short term;
OR of medium infensity at a national level in the medium term;
OR of low intensity at a national level in the long term;
OR of high intensity at a local level in the long term,
OR of medium intensity at a regfonal level in the long term.
MEDIUM Impacts could be EITHER:
of high intensity at a local level and endure in the medium term;
OR of medium intensity at a regional level in the medium term;
OR of high intensity at a regional level in the short term;
OR of medium intensity at a national level in the short term;
OR of medium intensity at a local level in the long term;
OR of low Intensity at a national level in the medium term;
OR of low intensity at a regional level in the long term.
LOW Impacts could be EITHER
of low intensity at a regional level and endure in the medium term;
OR of fow intensity at a national level in the short term;
OR of high intensity at a local level and endure in the short term;
OR of medium intensity at a regional level in the short term,;
OR of low intensity at a local level in the long term;
OR of medium intensity at a local level and endure in the medium term.
VERY LOW Impacts could be EITHER
of low intensity at a local level and endure in the medium term;
OR of low infensity at a regional level and endure in the short term;
OR of low to medium intensity at a local level and endure in the short term.
INSIGNIFICANT Impacts with:
Zero to very low intensity with any combination of extent and duration.
UNKNOWN In certain cases it may not be possible to determine the significance of an impact.

5. STATUS OF IMPACT

The status of an impact is used to descrihe whether the impact would have a negative, positive or zero
effect on the affected environment. An impact may therefore be negative, positive (or referred to as a
benefit) or neutral.

' For any impact that is considered to be “Permanenl” apply the “Long-Term® rating.

CCA Environmental (Pty) Ltd 3 Significance ratings



Anadarko: Proposed oil and gas exploration programme in Block 2C, West Coast, South Africa

6. PROBABILITY

“Probability” describes the likelihood of the impact occurring.

Description

IMPROBABLE Where the possibility of the impact to materialise is very low either because of design or
historic experience.

PROBABLE Where there is a distinct possibility that the impact would occur.

HIGHLY PROBABLE | Where it is most likely that the impact would occur.

DEFINITE Where the impact would occur regardless of any prevention measures.

s DEGREE OF CONFIDENCE

This indicates the degree of confidence in the impact predictions, based on the availability of information
and specialist knowledge.

Rating | Description

HIGH Greater than 70% sure of impact prediction.
MEDIUM Between 35% and 70% sure of impact prediction.
LOW Less than 35% sure of impact prediction.

CCA Environmental (Ply) Ltd 4 Significance ratings



APPENDIX 2.2
FISHING INDUSTRY ASSESSMENT



PROPOSED OIL AND GAS EXPLORATION ACTIVITIES IN LICENCE BLOCK 2C
SITUATED OFF THE WEST COAST OF SOUTH AFRICA

Specialist Assessment of the Impact on Fisheries
Compiled for:
CCA Environmental (Pty) Ltd

On behalf of:

Anadarip”

Petroleun Corporation

by

S. Wilkinson & D.W. Japp
Capricorn Fisheries Monitoring cc
Cape Town

February 2013
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EXECUTIVE SUMMARY

Anadarko South Africa (Pty) Ltd (“Anadarko”) is proposing to explore for oil and gas reserves in Block 2C off
the West Coast of South Africa. Anadarko’s proposed initial three-year exploration work programme may
include undertaking seismic and seafloor geochemical surveys consisting of multi-beam bathymetry, seafloor
sampling and seabed heatflow measurements. This report gives a description of the fisheries active off the
West Coast, the distribution of fishing effort conducted in the vicinity of the proposed exploration area and
an assessment of the likely impact of the proposed exploration activities on the fishing industry in terms of
disruption to fishing activity and loss of access to fishing grounds. Furthermore, mitigation measures are

proposed with a view to reducing potential negative effects between seismic and fishing operations.

The impact of the proposed exploration programme is considered to be of local extent and short-term
duration. The status of the impact on all fishery sectors is assessed to be negative. The intensity of the impact
on the tuna pole sector is assessed to be of MEDIUM intensity and of VERY LOW significance. The intensity of
the impact on the demersal trawl, demersal long-line and large pelagic long-line fisheries is assessed to be of
LOW intensity and of VERY LOW significance. There is no impact expected on the commercial and recreational
line, small pelagic purse-seine and West Coast rock lobster fisheries. It is highly probable that the impact
would occur on the demersal trawl, demersal long-line and pelagic long-line sectors and it is probable that the
impact would occur on the tuna pole sector. The likelihood of the impact occurring on the commercial and
recreational linefish, small pelagic purse-seine and West Coast rock lobster sectors is improbable. The degree
of confidence in the impact predictions for the demersal trawl, demersal long-line, pelagic long-line, small
pelagic purse-seine and ‘West Coast rock lobster sectors is high, while that of the tuna pole and commercial

and recreational linefish sectors is medium.

It is recommended that during the seismic survey the survey vessel is accompanied by a “chase vessel” with
staff familiar with the fisheries expected in the survey area. Note that during the bathymetry multi-beam
survey and seabed sampling phases, a chase vessel is not necessary. It is also recommended that an
experienced on-board Independent Observer or Fisheries Liaison Officer (FLO) be present on board the survey
vessels for the duration of each exploration activity in order to assist in the identification of fishing vessels
and gear types, as well as communications with vessels when necessary. The FLO should be familiar with the
various fisheries active in the area. In the case of the seismic and multi-beam surveys the FLO should also be
able to act as the Marine Mammal Observer (MMO) and thus must also be familiar with environmental

monitoring protocols relating specifically to marine mammals, birds and other fauna.

Communications should be established with the industrial fishing associations, vessel agents and vessel

operators prior to the commencement of the exploration activities. Communications should be ongoing
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throughout the duration of each exploration activity with the submission of daily reports indicating the

vessel’s location to interested and affected parties (I1&APs).

Industrial bodies and 1&APs should include: the Department of Agriculture, Forestry and Fisheries (DAFF), the

Department of Environmental Affairs (DEA), the South African Tuna Association, the South African Tuna Long-
Line Association, Fresh Tuna Exporters Association, the South African Deep-Sea Trawling Industry Association,
the South African Hake Long-Line Association, the South African Pelagic Fishing Industry Association, the West

Coast Rock Lobster Assaciation, De Beer’s Marine and Transnet National Ports Authority.
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1. INTRODUCTION

This specialist study was commissioned by CCA Environmental (Pty) Ltd as part of the Environmental
Management Programme (EMP) for the proposal by Anadarko South Africa (Pty) Ltd to undertake an
exploration programme in offshore licence block 2C, located off the West Coast of South Africa between 30°S
and 31°S. The licence block covers an area of approximately 6 223.74 km? and extends from roughly the 300

m contour to beyond the continental shelf with depths up to 1 500 m (see Figure 1).

Anadarko is proposing to explore for oil and gas using methodologies, which may include: (1) 3D/2D seismic
surveys; and (2) seafloor geochemical surveying consisting of multi-beam bathymetry, seafloor sampling and

heatflow measurements.

This report provides an assessment of - 7

the potential impacts of the proposed @5 \ Legend
exploration programme on the fishing . P ey Besnome
industry in terms of the likely -
disruption to fishing operations and N ,-/’ l | : li ._,,_A,, o
loss of access to fishing grounds due

to the safe operational limit that i 1 l il h:::'_h’i”“““
would be requested during the : l

seismic survey. The commercial

fishing sectors that operate in the "‘

vicinity of the proposed Exploration ] |1 :
Right area are discussed and an | | ‘
impact assessment is made for each l

of these fisheries.

South African fisheries data for the ’ .
period 2000 to 2010 were sourced IJ "]
from the Department of Agriculture, - |

Forestry and Fisheries  (DAFF). I |

Information on species distribution Wi e e e TP

was taken from the Benguela Current Figure 1 Location of the 2D and 3D seismic survey operations

Large Marine Ecosystem (BCLME) | proposed to be undertaken by Anadarko (Pty) Ltd in Licence Block 2C.

State of the Stocks Report 2007.
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1.1 Seismic Surveys

During seismic surveys high-level, low frequency sounds are directed towards the seabed from near-surface
sound sources towed by a vessel. Signals reflected from geological discontinuities below the sea floor are

recorded by towed hydrophones. Analyses of the returned signals allow for interpretation of subsea

geological formations. A 2D survey typically

THIGHT TIME EXCLUSION ZONE

involves a towed airgun array and a single !

streamer, whereas 3D surveys use multiple

streamers. A single array can be up to 10 000 m ! | DAYLIGHT EXCLUSION ZONE ;

long. The airguns are commonly towed some 100 m

8km

o
=
6km 6km

behind the vessel at a depth of 5 to 10 m below the

surface. A surface tail-buoy with radar reflectors is

connected to the end of the streamer. A typical 3D

seismic survey configuration is illustrated in Figure
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prescribed grid within the Block 2C licensed area,

which is selected to cross any known or suspected
Tailbuoys
geological structures in the area. Consequently the

survey vessel would be restricted in

maneuverability and would require a turning circle s

area which would increase the impact area beyond

______________________________________ 4

the survey acquisition area. A supply/chase vessel
Figure 2. Typical configuration for a 3D seismic survey

operation. Safe operational limits applicable to both 2D
vessels at a safe distance from the survey vessel | and 3D surveys are also shown.

would assist in the operation of keeping other

and towed gear. During surveying vessels would

travel at a speed of 4 to 6 knots.

Anadarko is currently evaluating the existing 2D and 3D seismic data which cover portions of Block 2C. This
evaluation and other factors will determine whether additional 2D seismic data are required prior to
acquiring 3D seismic data or, if additional 2D seismic data is unnecessary, only additional 3D seismic data is

necessary to evaluate the exploration potential of the block.

If additional 2D seismic data are required, it is anticipated that the proposed survey would comprise a

number of low density spaced survey lines covering the majority of Block 2C. Although survey
4
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commencement would ultimately depend on a permit award date, availability of seismic contractors and
other factors, it is anticipated that the 2D survey would be undertaken during the summer of 2013/2014 and

would take in the order of one to two months to complete.

If additional 3D seismic data are required, it is anticipated that the proposed 3D seismic survey would cover a
minimum area of 750 km2 and the maximum area could cover the entire block. As with the 2D survey,
commencement would depend on the permit award data, availability of seismic contractors and other
factors. It is anticipated that if a 3D seismic survey is deemed necessary it would be undertaken in the

summer of 2013/2014 and would take on the order of two to three months to complete.

1.2 Seafloor geochemical surveying

Multi-beam bathymetry survey

The operator proposes to undertake a multi-heam bathymetry survey to produce a digital terrain model of
the seafloor. The survey vessel would be equipped with a multi-beam echo sounder to obtain swath
bathymetry and a sub-bottom profiler to image the seabed and the near surface geology. The multi-heam
system provides depth sounding information on either side of the vessel’s track across a swath width of
approximately two times the water depth. Although this type of survey typically does not require the vessel

to tow any cables, it is “restricted in its ability to manoeuvre” due to the operational nature of this work.

The multi-beam bathymetry survey, if deemed necessary, would likely be undertaken over the majority of
Block 2C area. It is anticipated that data acquisition would take in the order of three to four weeks to

complete at a vessel speed of 5 to 8 knots.

Seafloor sampling programme

The seafloor sampling programme would consist of collecting seafloor sediment (piston coring) samples for
laboratory geochemical analyses in order to determine if there are any naturally occurring hydrocarbons
present. The programme would likely utilise a core barrel capable of retrieving sediment samples that are up
to 6 m in length and 6.7 cm in diameter. The recovered cores are visually examined at the surface for
indications of hydrocarbons (gas hydrate, gas parting or oil staining) and sub-samples retained for further

geochemical analysis in an onshore laboratory. The remaining sediment would be returned to the seafloor.

It is anticipated that up to 200 piston core samples would be collected across Block 2C. Each individual piston
core would have a potential disturbance volume of 0.02 m3, resulting in a total disturbance volume of
approximately 4 m3. The exact volume of an individual core is dependent on the recovery which is rarely

100%, i.e. the potential disturbance of an individual core would likely be <0.02 m?. The exact number and
S
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location of core samples would be identified following the analysis of the 3D seismic and / or the multi-beam
bathymetric survey results. It is anticipated that the seafloor sampling programme would take in the order of

three to five weeks to complete.

Seafloor heatflow measurements

The heatflow measurements would be conducted using heatflow probes. The heatflow probe is normally 3 m
in length and has 16 sensors. The measurement device or probe would be dropped from a vessel into the
seafloor. The probe is allowed to equilibrate and then recovered to the surface after about 20 minutes. No

material is removed from the sea bed, and the entire probe is retrieved at the end of the measurement.

It is anticipated that up to 50 separate heatflow measurements would be collected across Block 2C, which
would take in the order of three to five weeks to complete, if undertaken together with the piston coring

programme.

1.3 Exclusion zones

Under the Convention on the International Regulations for Preventing Collisions at Sea (COLREGS, 1972, Part
B, Rule 18), a survey vessels that is engaged in surveying or towing operations are defined as a “vessel
restricted in its ability to manoeuvre” and requires that vessels engaged in fishing, so far as possible, keep out
of the way of a vessel restricted in her ability to manoeuvre. It should also be noted that under the Marine
Traffic Act (No. 2 of 1981), a survey vessel (and its array of airguns and hydrophones) used for the purpose of
exploiting the seabed falls under the definition of an “offshore installation” and as such it is protected by a
safety zone of 500 m. It is an offence for an unauthorised vessel to enter the safety zone. In addition to a
statutory 500 m safety zone, a seismic contractor would request a safe operational limit (that is greater than
the 500 m safety zone) that it would like other vessels to stay beyond. Typical safe operational limits for 2D
and 3D surveys are illustrated in Figure 2. During seismic surveys, one or more “chase” boats are usually
commissioned to patrol the area during the seismic survey to ensure that other vessels adhere to these safe

operational limits.

2. SOUTH AFRICAN COMMERCIAL FISHERIES

South Africa’s commercial fisheries are managed and monitored by DAFF (previously managed under the
Department of Environmental Affairs and Tourism: Directorate: Marine and Coastal Management).
Approximately 14 different commercial fisheries sectors currently operate within South African offshore
regions (see Table 1). In addition to commercial sectors, recreational fishing is active along the coastline

comprising shore angling and small, open craft boats generally less than 10 m in length.
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The primary fisheries in terms of highest economic value and greatest landed tonnage are the demersal
{bottom) trawl and long-line fisheries targeting the Cape hakes (Merluccius paradoxus and M. capensis) and
the pelagic-directed pu_rse-seine fishery targeting pilchard (Sardinops sagax), anchovy (Engraulis encrasicolus)
and red-eye round herring (Etrumeus whitheadii). Secondary species in these fisheries includes a large
assemblage of demersal fish of which monkfish (Lophius vomerinus), kingklip (Genypterus capensis) and snoek

(Thyrsites atun) are the most commercially important.

Other fisheries include a mid-water trawl fishery targeting horse mackerel (Trachurus trachurus capensis)
predominantly on the South Coast, a hand-jig fishery targeting chokka squid (Lolige vulgaris reynaudii) also

based on the South Coast.

The pelagic long-line and pole fisheries target migratory stocks of tuna including albacore (Thunnus alalunga),
bigeye tuna (T. obesus) and yellowfin tuna (T. albacares), as well as swordfish (Xiphias gladius) included in the

catch taken by the long-line sector.

Traditional line fishery refers to a long-standing fishery based on a large assemblage of primarily 35 different
species. The fishery extends both into warm-temperate and cool-temperate biogeographical regions; but
operates relatively close to shore. Within the Western Cape the predeminant catch species is snoek (Thyrsites
atun), whereas towards the East Coast catch species increase in number and include resident reef fish
(Sparidae and Serranidae), pelagic migrants (Carangidae and Scombridae) and demersal migrants (Sciaenidae

and Sparidae).

Crustacean fisheries comprise a trap fishery targeting West Cost rock lobster (Jasus Lalandii), a line trap
fishery targeting the South Coast rock lobster (Palinurus gilchristi) and a trawl fishery based solely on the East
Coast targeting penaeid prawns, langoustines (Metanephrops andamanicus and Nephropsis stewarti), deep-

water rock lobster (Palinurus delagoae) and red crab (Chaceon macphersoni).

Table 1. Summary of South African offshore commercial fishing sectors.

No. of Active

Landed Catch

Sector Gear Type Areas of Operation Vessels
or TAC (2010)

(2011)
Small pelagics Purse-seine West Coast, South Coast 101 422,927t
Hake deep-sea trawl | Demersal trawl West Coast, South Coast 45 150,030t
Hakefsoleinshore | o cecsitiannl South Coast 31 10,429t

trawl
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No. of Active
Landed Catch
Sector Gear Type Areas of Operation Vessels
or TAC (2010)
(2011)
Mid-water trawl Mid-water trawl South Coast 6 35,215 t (TAC)
Hake long-line Demersal-set long-line | West Coast, South Coast 64 ~8,000t (TAC)
Hake hand-line Hook and line West Coast, South Coast 100 Cu"enﬂ\f i
operational
; : . ; " West Coast, South
Pelagic long-line Drifting pelagic long-line Congt, East Coast 31 1,759t
Tuna pole Pole and line West Coast, South Coast 128 ~6,000 t
Ili)::aersal shariione: Demersal-set long-line South Coast 6 834 t
Tradivonallinetich Hand line or rod-and- Waest Coast, South 450 13,688 t
reel Coast, East Coast

West coast rock Hoop-net Vithen Bt 105 3,368
lobster Demersal-set trap
South coast rock Demersal-set line with saith Coast 1 234t
lobster trap
Kwazulu-Natal Demersal trawl East Coast 5 117t
crustacean trawl
Squid jig Hand-jigs South Coast 138 10,777 t

Only fisheries active in the vicinity of the proposed survey area will be addressed further in the current
report, viz; the demersal offshore trawl, demersal long-line, pelagic long-line, tuna pole, traditional line fish,
small pelagic purse-seine and West Coast rock lobster sectors. Each of these fishing sectors deploy one of four
principal gear types namely trawl gear, purse-seine gear, longline gear (demersal or pelagic) and hoop net

traps.

3. DEMERSAL TRAWL

The hake-directed trawl fishery is the most valuable sector of the South African fishing industry and is split
into two sub-sectors: the offshore (“deep-sea”) sector which is active off both the South and West Coasts,
and the much smaller inshore trawl sector which is only active off the South Coast. A fleet of 45 trawlers
operate within the offshore sector targeting the Cape hakes (Merluccius capensis and M. paradoxus). Main
by-catch species include monkfish (Lophius vomerinus), kingklip (Genypterus capensis) and snoek (Thyrsites
atun). The current annual hake Total Allowable Catch (TAC) of the offshore fishery is currently approximately

150 000 tons.

The offshore fleet is segregated into wetfish and freezer vessels which differ in terms of the capacity for the
processing of fish at sea and in terms of vessel size and capacity. While freezer vessels may work in an area

for up to a month at a time, wetfish vessels may only remain in an area for about a week before returning to
8
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port. Wetfish vessels range between 24 m and 56 m in length while freezer vessels are usually larger, ranging
up to 90 m in length with a displacement of 2 000 metric tons and engine power of up to 2 000 kilowatts.

Winch bollard pulls vary from 16 tons to 40 tons.

Trawl gear is deployed astern of the vessel, the gear configurations are similar for both freezer and wet fish
vessels, the main elements of which are trawl warps, bridles and doors, a footrope, headrope, net and
codend (see Figure 3). Generally, trawlers tow their gear at 3.5 knots for up to four hours per drag. When
towing gear, the distance of the trawl net from the vessel is usually between two and three times the depth
of the water. The horizontal net opening may be up to 50 m in width and 10 m in height and the swept area

on the seabed between the doors may be up to 150 m,

A typical configuration of demersal trawling gear consists of the following components :
e Steel warps up to 32 mm diameter - in pairs up to 3 km long when towed;
e A pair of trawl doors (500 kg to 3 tons each);
o Net footropes which may have heavy steel bobbins attached (up to 24" diameter; maximum 200 kg)
as well as large rubber rollers (“rock-hoppers”); and
o Net mesh (diamond or square shape) is normally wide at the net opening whereas the bottom end of

the net (or cod-end) has a mesh size minimum limit of 110 mm

Trawl times differ between operators and fish availability, ranging from 60 minutes to four hours. Vessels tow
at speeds of between three and four knots and typically make two to three trawls during the day. Monk is
often caught in this area on the West Coast at night with slightly heavier trawl gear. During these trawls the

vessel slows down to two to three knots and the duration of the trawl can be up to eight hours.

g
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Figure 3. Typical gear configuration used by demersal trawlers (offshore) targeting hake
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Figure 4 shows the distribution of trawl fishing grounds in relation to Block 2C. Trawls are usually conducted
along specific trawling lanes on “trawl friendly” substrate (flat, soft ground). Within South African waters,
these grounds extend in a continuous band on the West Coast along the shelf edge between the 300 m and
1 000 m bathymetric contours®. Trawl nets are generally towed along depth contours (thereby maintaining a
relatively constant depth) running parallel to the depth contours in a north-westerly or south-easterly
direction. Trawlers also target fish aggregations around bathymetric features, in particular seamounts and
canyons (i.e. Cape Columbine, Cape Canyon and Child’s Bank), where there is an increase in seafloor slope
and in these cases the direction of trawls follow the depth contours. Trawlers are prohibited from operating

within five nautical miles of the coastline.

During the period 2005 to 2010 an average of 650 trawls per year took place within the Licence Block 2C,
which is approximately 1 % of the total effort. During the period 2004 to 2010 the average annual catch in
Block 2C was 2 350 tons, is approximately 1.6 % of the total catch. The impact of the proposed exploration
activities on the offshore demersal trawl sector is therefore considered to be of LOW intensity. The impact of
the survey is considered to be of local extent and short-term duration. The status of the impact is assessed to
be negative and of overall VERY LOW significance. It is highly probable that the impact would occur and the
degree of confidence of the assessment for this fishery is high. The demersal trawl fishery is active year-round
and it is highly probable that trawl activity would be affected by survey operations within a depth range of
300 m to 1000 m.

Environmental Impact Assessment of Fisheries: Demersal Trawl
Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Highly Probable Highly Probable
Confidence High High

! Trawling to these depths is a recent development (since 2002) due to declining availability of hake in shallower water.
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Figure 4, Effort expended by the demersal trawl fishing sector
targeting hake in the vicinity of the survey area proposed by Anadarko

4, DEMERSAL LONG-LINE

Similar to the demersal trawl fishery the target species of the long-line fishery are the Cape hakes, with a
small non-targeted commercial by-catch that includes kingklip. The catch is landed predominantly prime
quality hake for export to Europe and is packed unfrozen on ice therefore the value is approximately 50%
higher than that of trawled hake. Operations are ad hoc and intermittent, subject to market demand.
Currently 64 vessels are operational within the South African fishery, most of which are based at the harbours

of Cape Town and Hout Bay and approximately 8 000 tons of hake are landed annually (2011).
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A demersal long-line vessel may deploy either a

v
4' \“L&J? double or single line which is weighted along it's
e
i E length to keep it close to the seafloor (see
radat OEKTES

Figure 5). Steel anchors, of 40 to 60 kg are

§ placed at the ends of each line to anchor it, and
% are marked with an array of seven or eight
e R - floats. This GPS position is recorded by the
fseb > g
2 : ’ <

vessel on setting and no radar reflectors are

I—%}; used to mark the gear position. Floats may be

marked with the call sign/registration number

of the vessel. If a double line system is used, top

v tn 35w deus

and bottom lines are connected by means of

dropper lines. Since the top-line (polyethylene,

10 — 16 mm diameter) is more buoyant than the

3
o beirer frw —
28 Ttisend

bottom line, it is raised off the seafloor and

Figure 5 Typical configuration of demersal (bottom-set) hake minimizes the risk of snagging or fouling. The

ol g s I South ARTEAR Wetees purpose of the top-line is to aid in gear retrieval

if the bottom line breaks at any point along the
length of the line. Lines are typically between 10 km and 20 km in length, carrying between 6 900 and 15 600
hooks each. Baited hooks are attached to the bottom line at regular intervals (1 to 1.5 m) by means of a
snood. Gear is usually set at night at a speed of between five and nine knots. Once deployed the line is left to
soak for up to eight hours before it is retrieved. A line hauler is used to retrieve gear (at a speed of
approximately one knot) and can take six to ten hours to complete. Long-line vessels vary in length from 18

m to 50 m and remain at sea for four to seven days at a time.
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Figure 6. Effort expended by the demersal long-line fishing sector
targeting hake in relation to the area of the survey proposed by
Anadarko.

Refer to Figure 6 above for an overview of the spatial extent of demersal long-line grounds in the vicinity of
Licence Block 2C. On the West Coast, long-line vessels fish in similar areas to those targeted by the hake-
directed tfawling fleet, extending along the shelf edge to the 1 000 m contour in places. Lines are set along
the bathymetric contours. An average of 50 lines were set in Block 2C each year (2002 - 2008) up to a

maximum depth of 1000 m. This is equivalent to approximately 1 % of the total national effort.

The impact of the proposed survey operations on the demersal long-line sector is considered to be of local
extent and short-term duration. The status of the impact is assessed to be negative, of LOW intensity and of
overall VERY LOW significance. It is highly probable that the impact would occur and the degree of confidence

of the assessment for this fishery is high.
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During hauling operations a demersal long-line vessel would be severely restricted in manoeuvrability,
therefore direct communication from the survey vessels would be required in order to keep demersal long-

line vessels clear of the survey vessels.

Environmental Impact Assessment of Fisheries: Demersal Long-Line
Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Highly Probable Highly Probable
Confidence High High

5. LARGE PELAGIC LONG-LINE

The large pelagic long-line fishery operates extensively within the South African Exclusive Economic Zone
(EEZ) targeting primarily tuna and swordfish. Tuna, tuna-like species and billfishes are migratory stocks and
are therefore managed as a “shared resource” amongst various countries. There are currently 50 commercial
large pelagic fishing rights issued for South African waters and 31 vessels active in the fishery. Many rights

holders employ Asian vessels fishing under joint ventures with South African companies.

Vessels range from 30 m to 54 m in length. Gear consists of monofilament mainlines of between 25 km and
100 km in length which are suspended from surface buoys and marked at each end (Figures 7 & 8). The main
fishing line is normally suspended 20 m below the water surface via droppers connecting it to surface buoys
at regular intervals. Baited hooks are attached to the mainline via 20 m long trace lines, thereby targeting fish
at a depth of 40 m below the surface. Up to 3 500 hooks may be set per line. Lines are usually set at night,
with hauling commencing the next morning. Various types of buoys are used in combinations to keep the
mainline near the surface and locate it should the line be cut or break for any reason. Each end of the line is
marked by a Dahn Buoy and radar reflector, which marks the line position for later retrieval. A line may be left
drifting for a considerable length of time before retrieval by means of a powered hauler at a speed of
approximately one knot. During hauling, vessel manoeuvrability is severely restricted and, in the event of an

emergency, the line may be dropped and hauled in at a later stage.
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Pelagic (Surface)Longine largeling Large Pelagic fish species (Tuna. Swordfich & Sharks)

Hard Piastic
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Buoy Lines

Maintine

Figure 7. Typical pelagic long-line gear configuration targeting tuna, swordfish and shark species.
Note: gear floats close to the surface of the sea and would present a potential obstruction to
surface navigation

Figure 8. Photograph of a mainline (braided monofilament) with a dropper line and trace
typically used by the pelagic long-line fishery
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Figure 9. Effort expended by the large pelagic long-line fishery in
South African waters and the high seas in relation to the proposed
Anadarko survey area,

The fishery operates extensively from the continental shelf break into deeper waters, year-round. Pelagic
long-line vessels are primarily concentrated seawards of the 500 m depth contour where the continental
slope is steepest but some fishing does occur in shallower water inshore. Figure 9 shows the distribution of
effort expended by the fishery within South African waters and on the high seas. Within the South African
fishery, an average annual of approximately 10 lines were set within Licence Block 2C between 1998 and
2008. Approximately 1.7% of the total national effort was undertaken within the Licence Block and 1.9 %

(12.6 tons) of the overall catch of targeted species was recorded in the area.

The impact of the proposed exploration activities on the offshore pelagic long-line sector is considered to be
of local extent and short-term duration. The status of the impact is assessed to be negative, of LOW intensity
and of overall VERY LOW significance. It is highly probable that the impact would occur and the degree of

confidence of the assessment for this fishery is high.
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The presence of long-lines would present a potential threat to the proposed seismic survey operation in
terms of entanglements with towed seismic gear. Extreme vigilance would be needed to avoid any drifting

lines and regular communications with vessels in the area would be essential.

Environmental Impact Assessment of Fisheries: Pelagic Long-Line
Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Highly Probable Highly Probable
Confidence High High

6. TUNA POLE

Poling for tuna is predominantly based on the southern Atlantic longfin tuna stock (T. alalunga) and a very
small amount of skipjack tuna (Katsumonus pelamis), yellowfin tuna and bigeye tuna. The available records
(provided by the International Commission for the Conservation of Atlantic Tunas — ICCAT) are reported for
the whole EEZ and no detailed spatial catch and effort data is therefore available. The fishery is seasonal with
vessel activity mostly between December and May and peak catches in February and March. The South
African fleet consists of approximately 128 pole-and-line vessels which are based at the ports of Cape Town,

Hout Bay and Saldanha Bay. The sector lands approximately 3 000 tons per annum.

Vessels operating within the fishery are typically small (< 25 m in length). Catch is stored on ice, chilled sea
water or frozen and the storage method often determines the range of the vessel. Trip durations average
between four and five days, depending on the distance of the fishing grounds from port. Vessels drift whilst
attracting and catching pelagic tuna species. Whilst at sea, the majority of time is spent searching for fish with
actual fishing events taking place over a relatively short period of time. Sonars and echo sounders are used to
locate schools of tuna. At the start of fishing, water is sprayed outwards from high-pressure nozzles to
simulate small baitfish aggregating near the water surface, thereby attracting tuna to the surface. Live bait is
flung out to entice the tuna to the surface (chumming). Tuna swimming near the surface are caught with
hand-held fishing poles. The ends of these poles are fitted with a short length of fishing line leading to a hook.
Hooked fish are pulled from the water and many tons can be landed in a short period of time. In order to land
heavier fish, lines may be strung from the ends of the poles to overhead blocks to increase lifting power (see
Figure 10).
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The nature of the fishery and communication
between vessels often results in a large number of
these vessels operating in close proximity to each
other at a time. The vessels fish predominantly
during daylight hours and as they do not anchor or
have any fixed gear in the water, these vessels
remain highly manoeuvrable and could take
avoiding action at any time. However, at night in

fair weather conditions the fleet of vessels may drift

or deploy drogues to remain within an area and

Figure 10. Schematic diagram of pole and line would be less responsive during these periods.
operation (www.fao,org/fishery).

Effort fluctuates according to the availability of fish

in the area, but once a shoal of tuna is located a number of vessels will move into the area and target a single
shoal which may remain in the area for days at a time. As such the fishery is dependent on window periods of
favourable conditions relating to catch availability. Although fishing activity is highly variable during the
fishing season, peak catches are usually experienced between February and March, with relatively lower

levels of activity between December and January.

Fishing activity occurs along the entire West Coast beyond the 200 m bathymetric contour (Figure 11). The
tuna pole fleet would be expected to operate in the vicinity of Licence Block 2C, particularly around Child’s

Bank.

The impact of the proposed exploration activities on the tuna pole sector is considered to be of local extent
and short-term duration. The status of the impact is assessed to be negative, of MEDIUM intensity and of
overall VERY LOW significance. It is probable that the impact would occur and the degree of confidence of the
assessment for this fishery is medium. It is recommended that sufficient notice be given to the tuna pole
fishery of the location of the proposed exploration activities and advance notice prior to the commencement
of these activities. In the event of the tuna pole fleet moving into a specific location within the exploration
area to target a shoal of fish, the possibility exists to co-ordinate exploration operations to avoid that

particular area for a limited duration.
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Figure 11, Spatial extent of fishing activity of the tuna pole fishery in
relation to the proposed Anadarko survey area.

Environmental Impact Assessment of Fisheries: Tuna Pole
Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Medium Medium
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium
Anadarko (Pty) Ltd. Exploration Programme R.S.A West Coast, Block 2C
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7. COMMERCIAL AND RECREATIONAL LINE-FISH

The South African commercial line fishery is the country’s third most important fishery in terms of total tons
landed and economic value. The bulk of the fishery catch is made up of about 35 different species of reef fish
as well as pelagic and demersal species which are mostly marketed locally as “fresh fish”. The fishery is
widespread across the country’s shoreline from Port Nolloth on the west coast to Cape Vidal on the east
coast. Effort is managed geographically with the spatial effort of the fishery divided into three zones. The
majority of the catch (up to 95%) is landed by the Cape commercial fishery, which operates on the continental
shelf up to a maximum depth of 200 m from the Namibian border on the West Coast to the Kei River in the
Eastern Cape. Fishing vessels range up to a maximum of 20 nm offshore, although fishing at the outer limit of

this range would be sporadic (C. Wilke, pers. comm.).

Line fishing techniques consist of hook and line deployments (up to 10 hooks per line), and differ from the
pelagic long-line fishing technique in that the use of set long-lines is not permitted. The fishery includes
commercial, subsistence and recreational sectors. Up to 3 000 boats are involved in the fishery on the
national level, 450 of which are involved in the commercial fishery, and range in size from 3 m beach-

launched dinghies to 20 m harbour-based vessels that may remain at sea for up to 30 days (Mann, 2000).

Linefish catches are reported inshore of the 200 m bathymetric contour (mostly October to March) and Block
2C is not targeted by the fishery. There is no expected impact of the proposed exploration activities on the

fishery.

8. SMALL PELAGIC PURSE-SEINE

The South African small pelagic fishery is the largest local fishery by volume and the second most important in
terms of value. Small pelagic species abundance and distribution fluctuates considerably in accordance with
the upwelling ecosystem in which they exist. Annual landings have fluctuated between 300 000 and 600 000
tons over the last decade?, with landings of 312 000 tons recorded for 2009. The two main targeted species
are sardine and anchovy, with associated by-catch of round herring (red-eye) and juvenile horse mackerel,
Fishing grounds occur primarily along the West and South coasts of the Western Cape and the Eastern Cape
coast up to a distance of 50 nautical miles offshore, but usually closer inshore than this. The majority of the
fleet of 101 vessels operate from St Helena Bay, Laaiplek, Saldanha Bay and Hout Bay (all in the vicinity of the

survey area) with fewer vessels operating on the South Coast from the harbours of Ganshaai, Mossel Bay and

% Acoustic surveys are conducted to assess the pre- and post-spawning biomass of small pelagic species and the TAC is set and
adjusted accordingly each year.
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Port Elizabeth. Ports of deployment correspond to the location of canning factories and fish reduction plants

along the coast.

The purse seine fleet consists of approximately 100
wooden, glass-reinforced plastic and steel-hulled
vessels ranging in length from 11 m to 48 m.
Targeted species are surface-shoaling and once a
shoal has been located the vessel will steam around
it and encircle it with a large net, extending to a

depth of 60 to 90 m (see Figure 12). Netting walls

surround aggregated fish, preventing them from
Figure 12, Typical gear configuration of a pelagic purse-

escaping by diving downwards. These are surface
seine vessel targeting small pelagic species

nets framed by lines: a float line on top and lead line

at the bottom. Once the shoal has been encircled the net is pursed, hauled in and the fish pumped onboard
into the hold of the vessel. It is important to note that after the net is deployed the vessel has no ability to
manoeuvre until the net has been fully recovered onboard and this may take up to 1.5 hours. Therefore,
direct communication from the survey vessels would be required to ensure purse-seine vessels stay clear of

the survey vessels. Vessels usually operate overnight and return to offload their catch the following day.

The small pelagic sector operates throughout the year with a short break over the Christmas and New Year
period. The geographical distribution and intensity of the fishery is largely dependent on the seasonal
fluctuation and geographical distribution of the targeted species. Within South Africa, the sardine-directed
fleet consists of larger vessels that tend to concentrate effort in a broad area extending from St Helena Bay,
southwards past Cape Town towards Cape Point and then eastwards along the coast to Mossel Bay and Port
Elizabeth. The anchovy-directed fishery takes place predominantly on the South-West Coast from St Helena
Bay to Cape Point and similarly the intensity of this fishery is dependent on fish availability and is most active
in the period from March to September. Round herring (non-quota species) is targeted when available and
specifically in the early part of the year (January to March) and is distributed South of Cape Point to St Helena

Bay.

The fishing grounds of the small pelagic purse-seine fishery do not extend into Licence Block 2C (Figure 13)

and there is therefore no impact expected by the proposed survey operations on the fishery.
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Figure 13. Spatial distribution of the catch of small pelagic species by
the purse-seine fishery in South African waters in relation to the
proposed survey area,

9. WEST COAST ROCK LOBSTER TRAP

The South African West Coast rock lobster fishery is based on J. lalandii, a slow-growing, long-lived species
which occurs inside the 200 m depth contour along the entire West Coast to East London on the East Coast.
The fishery is divided into the offshore fishery and the near-shore fishery, both directed inshore of the 100 m
bathymetric contour. Effort is seasonal with boats operating from the shore and coastal harbours. Catch is
landed whole and is managed using a TAC, 80% and 20% of which is allocated to the offshore and inshore
fisheries respectively. A total national landing of approximately 3 300 tons (whole weight) was recorded for
2011.

Fishing grounds are divided for management purposes into Zones (and further subdivided into Areas)

stretching from the Orange River mouth to east of Cape Hangklip in the South-Eastern Cape and TACs are
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allocated by area. Rock lobster factories were constructed in Port Nolloth and Hondekliphaai to process
comparatively large catches in the past. In the last decade however, the TAC allocated to the Northern Cape
has only been fully landed twice and there has been very little commercial effort recorded in this area for the

last five seasons.
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Figure 14, Location of the proposed development area in relation to
the South African inshore West Coast rock lobster fishery

The offshore sector operates in a water depth range of 30 m to 100 m whilst the inshore fishery is restricted
by the type of gear used to waters shallower than 30 m in depth. The offshore sector makes use of traps
consisting of rectangular metal frames covered by netting, which are deployed from trap boats (otherwise
known as “deck boats”) whilst the inshore fishery makes use of hoopnets deployed from small dingies. The
West Coast rock lobster offshore fishing fleet consists of vessels that range in length from 6 m to 14 m. Traps
are set at dusk and retrieved during the early morning using a powerful winch for hauling. Vessels using traps
will leave up to 30 traps per vessel in the fishing grounds overnight during the week, Monday to Friday. As a

requirement of permit conditions for this sector, all traps must be removed over the weekend.
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Baited traps consisting of rectangular metal frames covered by netting, are deployed from small dinghy's and
delivered to larger catcher reefers to take to shore for processing. The rock lobster fishing fleet consists of
vessels that range in length from 7 m to 21 m. Traps are set at dusk and retrieved during the early morning

using a powerful winch for hauling.

The fishing grounds of the West Coast rock lobster fishery do not coincide with Licence Block 2C (Figure 14)

and there is therefore no impact expected by the proposed survey operations on the fishery.

10. CONCLUSIONS AND RECOMMENDATIONS

The impact of the proposed exploration programme is considered to be of local extent and short-term
duration. The status of the impact on all fishery sectors is assessed to be negative. The intensity of the impact
on the tuna pole sector is assessed to be of MEDIUM intensity and of VERY LOW significance. The intensity of
the impact on the demersal trawl, demersal long-line and large pelagic long-line fisheries is assessed to be of
LOW intensity and of VERY LOW significance. There is no impact expected on the commercial and recreational
line, small pelagic purse-seine and West Coast rock lobster fisheries. It is highly probable that the impact
would occur on the demersal trawl, demersal long-line and pelagic long-line sectors and it is probable that the
impact would occur on the tuna pole sector. The likelihood of the impact occurring on the commercial and
recreational linefish, small pelagic purse-seine and West Coast rock lobster sectors is improbable. The degree
of confidence in the impact predictions for the demersal trawl, demersal long-line, pelagic long-line, small
pelagic purse-seine and West Coast rock lobster sectors is high, while that of the tuna pole and commercial

and recreational linefish sectors is medium.

The following is noted;

e During hauling operations a demersal long-line vessel is severely restricted in manoeuvrability, and
would be required to cut their line in cases of emergency. Direct communication from the survey
vessels would be required in order to keep demersal long-line vessels clear of the survey vessels; and

e The presence of drifting pelagic long-line gear within the survey area would pose a potential threat to
seismic survey operations in terms of entanglement with towed survey gear, and it is highly likely that
gear would be encountered within the survey area offshore of the 500 m bathymetric contour,
Regular communications with vessels in the vicinity are therefore essential in avoiding the risk of gear

entanglements.
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In order to minimize disruption to survey time and fishing operations, the following mitigation measures are

recommended:

e At least one chase vessel should accompany the seismic vessel for the duration of the project;

e Communications should be established with the industrial fishing associations, vessel agents and
vessel operators prior to the commencement of the exploration activities. Communications should be
ongoing throughout the duration of each exploration activity with the submission of daily reports
indicating the vessel’s location to 1&APs;

e Industrial bodies and I&APs should include: the Department of Agriculture, Forestry and Fisheries
(DAFF), the Department of Environmental Affairs (DEA), the South African Tuna Association, the
South African Tuna Long-Line Association, Fresh Tuna Exporters Association, the South African Deep-
Sea Trawling Industry Association, the South African Hake Long-Line Association, the South African
Pelagic Fishing Industry Association, De Beer’s Marine and Transnet National Ports Authority;

e An experienced Independent Observer/ Fisheries Liaison Officer (FLO) should be present on-board
survey vessels to report on vessel activity on a daily basis, and advise on action to be taken in the
event of encountering fishing operations or gear. The FLO should be familiar with the various fisheries
active in the area. In the case of the seismic and multi-beam surveys the FLO should also be able to
act as the Marine Mammal Observer (MMOQ) and thus must also be familiar with environmental
monitoring protocols relating specifically to marine mammals, birds and other fauna; and

o In the event of the tuna pole fleet moving into a specific location within the exploration area to target
a shoal of fish, the possibility of co-ordinating exploration operations to avoid that particular area for

a limited duration should be investigated.
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Table 3. Summary table showing impact ratings of the proposed offshore seismic survey on the fishing
industry both with and without mitigation measures.

- _”_l E o

(Environmental Impact Assessment

survey

Demersal Traw!

Without Highly :

mitigation Local Short-term Low Very Low Pishaiils High

With Highly :

mitigaition Local Short-term Low Very Low Probable High

Demersal Long-Line

Without Highly .

iitigation Local Short-term Low Very Low Probable High

With Highly :

slkigation Local Short-term Low Very Low Benbibls High

Large Pelagic Long-Line

Without Highly ;

mitigation Local Short-term Low Very Low Probable High

With Highly .

mitlgation Local Short-term Low Very Low Probakle High

Tuna Pole

W.IthOU.t Local Short-term Medium Very Low Probable Medium

mitigation

With " g
e Local Short-term Medium Very Low Probable Medium

mitigation
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APPENDIX 1: CONVENTION FOR ASSIGNING SIGNIFICANCE RATINGS TO IMPACTS

Specialists will consider seven rating scales when assessing potential impacts. These include;

N B WN e

Extent;

Duration;

Intensity;
Significance;

Status of impact;
Probability; and
Degree of confidence.

In assigning significance ratings to potential impacts before and after mitigation specialists are instructed to

follow the approach presented below:

1. The core criteria for determining significance ratings are “extent” (Section 1), “duration” (Section 2) and
“intensity” (Section 3). The preliminary significance ratings for combinations of these three criteria are
given in Section 4.

2. The status of an impact is used to describe whether the impact would have a negative, positive or zero
effect of the surrounding environment. An impact may therefore be negative, positive (or referred to as
a benefit) or neutral.

3. Describe the impact in terms of the probability of the impact occurring (Section 5) and the degree of
confidence in the impact predictions, based on the availability of information and specialist knowledge
(Section 6).

4. Additional criteria to be considered, which could “increase” the significance rating if deemed justified by
the specialist, with motivation, are the following:

° Permanent / irreversible impacts (as distinct from long-term, reversible impacts);
° Potentially substantial cumulative effects; and
° High level of risk or uncertainty, with potentially substantial negative consequences.

5. Additional criteria to be considered, which could “decrease” the significance rating if deemed justified by
the specialist, with motivation, are the following:

° Improbable impact, where confidence level in prediction is high.

6. When assigning significance ratings to impacts after mitigation, the specialist needs to:
® First, consider probahle changes in intensity, extent and duration of the impact after

mitigation, assuming effective implementation of mitigation measures, leading to a revised
significance rating; and
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o Then moderate the significance rating after taking into account the likelihood of proposed
mitigation measures being effectively implemented. Consider:

o Any potentially significant risks or uncertainties associated with the effectiveness of
mitigation measures;

o The technical and financial ability of the proponent to implement the measure; and

o The commitment of the proponent to implementing the measure, or guarantee over
time that the measures would be implemented.

The significance ratings are based on largely objective criteria and inform decision-making at a project level as
opposed to a local community level. In some instances, therefore, whilst the significance rating of potential
impacts might be “low” or “very low”, the importance of these impacts to local communities or individuals
might be extremely high. The importance which I&APs attach to impacts must be taken into consideration,
and recommendations should be made as to ways of avoiding or minimising these negative impacts through
project design, selection of appropriate alternatives and / or management.

The relationship between the significance ratings after mitigation and decision-making can be broadly defined
as follows:

Significance rating Effect on decision-making

Very Low; Low Will not have an influence on the decision to proceed with the proposed
project, provided that recommended measures to mitigate negative impacts
are implemented.

Medium Should influence the decision to proceed with the proposed project, provided
that recommended measures to mitigate negative impacts are implemented.

High; Very High Would strongly influence the decision to procee-d with the proposed project.

1. Extent

“Extent” defines the physical extent or spatial scale of the impact.

Rating Description
LOCAL Extending only as far as the activity, limited to the site and its immediate
surroundings. Specialist studies to specify extent.
REGIONAL West Coast
NATIONAL South Africa
INTERNATIONAL
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2 Duration

“Duration” gives an indication of how long the impact would occur.

Rating Description y

SHORT TERM 0 - 5years

MEDIUM TERM 6- 15 years

LONG TERM Where the impact would cease after the operational life of the activity, either
because of natural processes or by human intervention.

PERMANENT Where mitigation either by natural processes or by human intervention would not
occur in such a way or in such time span that the impact can be considered
transient.

3. Intensity

“Intensity” establishes whether the impact would be destructive or benign.

Rating

Zero —Very Low

Description
Where natural environmental functions and processes are not affected

LOow

Where the affected environment is altered, but natural functions and processes
continue, albeit in a slightly modified way.

MEDIUM Where the affected environment is altered, but natural, cultural and social functions
and processes continue, albeit in a modified way.
HIGH Where natural, cultural and social functions or processes are altered to the extent
that it will temporarily or permanently cease. )
4, Significance

“Significance” attempts to evaluatethe impor’tahce of a particular impact, and in doing so incorporates the above
three scales (i.e. extent, duration and intensity).

Rating Description
VERY HIGH Impacts could be EITHER:
of high intensity at a regional leveland endure in the long term;
OR of high intensity at a national level in the medium term;
OR of medium intensity at a national levelin the long term.
HIGH Impacts could be EITHER:
of high intensity at a regional level and endure in the medium term;
OR of high intensity at a national level in the short term;
OR of medium intensity at a national level in the medium term;
OR of low intensity at a national level in the long term;
OR of high intensity at a local level in the long term;
OR of medium intensity at a regional level in the long term,
MEDIUM Impacts could be EITHER:
of high intensity at a local level and endure in the medium term;
OR of medium intensity at a regional level in the medium term;
OR of high intensity at a regional level in the short term;
OR of medium intensity at a national level in the short term;
OR of medium intensity at a local level in the long term;
OR of low intensity at a national level in the medium term;
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Rating Description

OR of low intensity at a regional level in the long term.
LOw Impacts could be EITHER
of low intensity at a regional level and endure in the medium term;
OR of low intensity at a national level in the short term;
OR of high intensity at a local level and endure in the short term;
OR of medium intensity at a regional level in the short term;
OR of low intensity at a local level in the long term;
OR of medium intensity at a local level and endure in the medium term.
VERY LOW Impacts could be EITHER
of low intensity at a local level and endure in the medium term;
OR of low intensity at a regional level and endure in the short term;
OR of low to medium intensity at a local level and endure in the short term.
INSIGNIFICANT Impacts with:
Zero to Very Low intensity with any combination of extent and duration.
UNKNOWN In certain cases it may not be possible to determine the significance of an impact.
5. Status of impact

The status of an impact is used to describe whether the impact would have a negative, positive or zero effect
on the affected environment. An impact may therefore be negative, positive (or referred to as a benefit) or

neutral.

6. Probability

“Probability” describes the likelihood of the impact occurring.

Rating Description

IMPROBABLE Where the possibility of the impact to materialise is very low either because
of design or historic experience.

PROBABLE Where there is a distinct possibility that the impact would occur.

HIGHLY PROBABLE

Where it is most likely that the impact would occur.

DEFINITE

Where the impact would occur regardless of any prevention measures.

7 Degree of confidence

This indicates the degree of confidence in the impact predictions, based on the availability of information and

specialist knowledge.

Rating Description

HIGH Greater than 70% sure of impact prediction.
MEDIUM Between 35% and 70% sure of impact prediction.
LOwW Less than 35% sure of impact prediction.

30

Anadarko (Pty) Ltd. Exploration Programme
Fisheries Impact Assessment

R.S.A West Coast, Block 2C
Capricorn Fisheries Monitoring cc



APPENDIX 2.3
MARINE FAUNAL ASSESSMENT



ENVIRONMENTAL MANAGEMENT PROGRAMME FOR
PROPOSED OIL AND GAS EXPLORATION ACTIVITIES
IN LICENCE BLOCK 2C,

WEST COAST, SOUTH AFRICA

Marine Faunal Assessment

Prepared for:

Q@ € -
ENVIROCNMENTAL

On behalf of:

AAnadarip®

Petroleum Corporation



ENVIRONMENTAL MANAGEMENT PROGRAMME FOR
PROPOSED OIL AND GAS EXPLORATION ACTIVITIES
IN LICENCE BLOCK 2C,

WEST COAST, SOUTH AFRICA

MARINE FAUNAL ASSESSMENT

Prepared for

CCA Environmental (Pty) Ltd

On behalf of:

Anadarko South Africa (Pty) Ltd

Prepared by

Andrea Pulfrich
Pisces Environmental Services (Pty) Ltd

February 2013

-
@. -7 PISCES  Environmental Services (Pty) Ltd




Contact Details:

Andrea Pulfrich
Pisces Environmental Services
PO Box 31228, Tokai 7966, South Africa,
Tel: +27 21 782 9553, Fax: +27 21 782 9552
E-mail: apulfrich@pisces.co.za
Website: www.pisces.co.za




IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

TABLE OF CONTENTS

1.

2.

3.

4.

GENERAL INTRODUCTION :iviciissssvusssssin sidsvain sivs vussvs sssnim s iss b s danas vassssasssussavssmn shonss 5
Tl  SCOPROFWOIK  ivamiassin i soss TR e s e vesdoa s s v v shes s e vz 5
1x2: Approach b ENE SHIOY o css s rm e e dr e e e seas waaiass 6

DESCRIPTION OF THE PROPOSED PROJECT .. iucavsrcsssivnsssinissvnsvvinnssnssnsnsasoassesosasnssonss F
2.1. SOISIHE SUIVEYS coissmiisnmssimmb s s s A T s G e s e s S e S e i e 7
2.2, Multi-beam Bathymetry SUNVEY .. ...uviieiiii it ciiiiiiiiireirnserensserensraensnsianssn 9
2.3.  Seafloor Heatflow Measurements ......cvveveriineiriennisiineieseensivessnsssnones P o 10
2.4, Seabed Sampling Programme .......ocovvviiiininnnnnnnnnan, SO R R R i e 11

DESCRIPTION OF THE BASELINE MARINE ENVIRONMENT .......ccvviiiiiinininsinininiainiaransanss 13
3:4:  Geophysical CharacteriStCs.  coumssscossiniorsnitsisnnmansin s SERVaTRave sToavsadasivesfoeass 13

3:.1:1 BAathymMetiV sscisisiaminiinrnssiveasisssvessannianssensins T A TR e R 13
3.1.2 Coastal and Inner-shelf Geology and Seabed Geomorphology................... 13
3:2:  Blophysical Charactafistics e ciimiiuamnsnose s ssesisasanen sab s iovssaes vonn isvseds 14
321 WINdIPaBLermt oacusiinmmasiniismim o sasm st b iR e T B v Vs s s s 14
3.2.2 Large-Scale Circulation and Coastal CUrTentS......cccvvvrevreerinriieeieineinies, 15
3:2.3 Wavesand TIHES . .uissmansaaaisvisssinmmnamsd s viinivvis Fiuss s snvv s vnvs s vminis 19
e R - e e i T e 21
3.2.5 Upwelling & Plankton Production .......vcveiviieirinsivesarrronsireninsonsisrsins 21
3.2.6 Organic Inputs...... T RSN R TR SR T e S e s 21
3:2.7 Low Oxyfen EVENtS . coicvivisissssninimssssimivisiatssavssans dnsassiovesssssaes 22
3.2:8 TUrDIQIRY v iomsesmmimsys s e oy oo ey s S mAm s s s o o e 23
3.3.  The Biological Environment ..........c.ccccvevvinnenes SR PR SR RS SRR S R 24
3.3:1 Demersal COMMUNIEIES ..vuisvesinvsasavvieissanronviviseveors SRR SR ssderen 24
3.3.2 Seamolnt ComMURTHES. ...t semimiorsisssnss s asmes s ias 28
3:3.3 Pelagic COMMUNIMIES i i simmas soainsssb s savins sossnavaionavis 30
3.4.  Other Uses of the proposed Exploration Right Areas............... AR T, 47
3.4.1 Beneficlal USeS aviraiissiimimimmasammaivaaissiavinmgs S sEse i 47
3.3.4 Conservation Areas and Marine Protected Areas .......... GRS iR 48
ACOUSTIC IMPACTS OF SEISMIC SURVEYS ON MARINE FAUNA .....ovviiiiiiiiiiiiniiinsninicennnins 49
4.1. SEISIICS cuuuiiimmviaiimmisisssaiavisesss Sori e TR TRE s R e S 49
411, Impacts on Plankton . cusesssesvimivissiiimisiavmss s vivivng s possssaserasvmrise 50
4.1.2 Impacts on Marine Invertebrates.......cvveviiiiiiiiiiiiiiiniii e e 51
4:1.:3: Impacts on Fishi.ceiisasiessnnismisnsissviosnssaiains e v issiess i arad sosis 52
444 Impactson SeabIrds (vissvsrisisinisiarivansns s viassnmainravivhi se s snin s i 54

D

f“—ﬁig Pisces Environmental Services (Pty) Ltd i



IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

4.5 IMPAcEs ON TUTELES. oo icisisenivs i innsevens oo s iy s Eese et s Sun saseasusngs 55

4.1.6 Impacts on Seals ...... SRR R AR R R R e R T R 57

4.1.7 Impacts on Whales and Dolphins ........ccooceiinianns e A v D9

Cetacean YocOlSGLIONS. cov v srisvmivn veissssavahins vas io s sve sersvrds nnanes ssassan i s 59

CELacean BOOEiNG .- o siiismmssasiasssnine s vin e sons Franv it sRasavbar sHaa Vot mavs s 60

PhVSTOIOGICAE THURY = s imsvvnsirmman o ioniivsns sesmaammssivien s SEas M v e ss G s 61

; Behavioural distUrbanCe.........ccveseiivisivenmessiinimiiisssnmssseiimsnsssisssi. 62
Masking of important environmental or biological SouUnds ..........ccveuveviiriniannns 64

INTFEEL effETlS ON PreV SPECIPS .. o sviicvisirssinsinsssns s b wniis Sain ik Envesainns sosbasssony 64

5. ASSESSMENT OF ACOUSTIC IMPACTS ON MARINE FAUNA ......ocoviiiiiiiiiiiiiiiiiiniceseeniaes 65
5.3, ASSOSSNent Provetiiine . vvicmmmiiinscns berssanes sl s sl nnats s ik s RS meh s R 65

B2,  IMpacts of SCISTIC SURVEY . coyaiwn s unse nos stsimms fonenmesb sa st srb sast ape nsb st s s st amumslime 67

5.2 ITpacts t0 PLaRKEON (s v mmmmssescomismvesbinssinssohins s sUuEass fu st shsdioninsssmiman 67

5.2.2 Impacts to Marine Invertebrates ...........cocviiiiiiiniiiiiiiie 68
| 5.2.3 Impacts to Fish......... T o LR B 70
1 5.2 INpAacsto Seabivts. . oivisvess cossmisis i s G s b ss a A S e 74
| b 2.5 POPACESED THFELES .. cuseisominiamminsimibats oo s Shuiss s VAT s 54 i pvs A s 77
5.2.6 HOPACES H0 SOAIS. caumveniicnravimmsinis siin s besanmint 80 vas 5 emn s Foars i nodmms s mo v 80

5.2.7 Impacts to Whales and Dolphins.......ccvviiiiiiiniiiiiiiiiiiiiien, 82

5.3. Impacts of MULti-DEam SUINVEYS ...ciivimisisisnars sisnamavsnsissssissnsmsnmmsor sos s sosniiive 89

5.4. Impacts of Drop-Core Sampling and Heatflow Measurements ..........coceevuvnininnnns 90

6. CONCLUSIONS AND RECOMMENDATIONS < oscsnss sizoussviianvnsss dueaisvonis s s sssssunninsmins vosodssis 93

6.1, CORCIUSIONS oo s snmsmiimmsumms i e s i S s B s s 93

6.2 Recommended Mitigation MeasuUres.......ocviiiisiiiriiniiieniiiiririnsnsniiisirassnsians 95

6:2.0 SCISMICSUIVEYS i vivsisrsvimsivriaiiisiisins s sovisaan st n i pia vessdasaiaanity 95

6.2.3 Multi-bDeam SUIVBYS. c.ivivimnvivnissenssamissvsin s eais vis dsavs s s s eassi dsns sy 98

7. LITERATURE CITED ... covivonscaminiio s ints ot estiniah srsds ses bl rase i s nis s manis sskiova 100

e
w Pisces Environmental Services (Pty) Ltd i



IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

ABBREVIATIONS and UNITS

CCA
cm
CMS
CSIR
dB
EMP

Hz
IUCN
kHz

m/sec

NW
PAM
PTS

SW
TTS
UPC
2D
3D

He/l

CCA Environmental (Pty) Ltd
centimetres

Centre for Marine Studies
Council for Scientific and Industrial Research
decibells

Environmental Management Programme
hour

Herz

International Union for the Conservation of Nature
kiloHerz

kilometre

square kilometre

Marine Mammal Observer
metres

metres per second

north

north-west

Passive Acoustic Monitoring
permanent threshold shifts
south

south-west

temporary threshold shifts
Universal Power Corp
two-dimensional
three-dimensional
micrograms per litre

micro Pascal

degrees Centigrade

percent

parts per thousand
approximately

less than

greater than

@ Pisces Environmental Services (Pty) Ltd



IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

EXPERTISE AND DECLARATION OF INDEPENDENCE

This report was prepared by Dr Andrea Pulfrich of Pisces Environmental Services (Pty) Ltd.
Andrea has a PhD in Fisheries Biology from the Institute for Marine Science at the Christian-
Albrechts University, Kiel, Germany.

As Director of Pisces since 1998, Andrea has considerable experience in undertaking
specialist environmental impact assessments, baseline and monitoring studies, and
Environmental Management Programmes relating to marine diamond mining and dredging,
hydrocarbon exploration and thermal/hypersaline effluents. She is a registered Environmental
Assessment Practitioner and member of the South African Council for Natural Scientific
Professions, South African Institute of Ecologists and Environmental Scientists, and
International Association of Impact Assessment (South Africa).

This specialist report was compiled for CCA Environmental (Pty) Ltd on behalf of Anadarko
South Africa (Pty) Ltd (“Anadarko”) for their use in preparing an Environmental Management
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1. GENERAL INTRODUCTION

For this investigation Anadarko South Africa (Pty) Ltd (“Anadarko”) is proposing to
undertake a three-year exploration programme in Block 2C, on the South African West Coast
(Figure 1), comprising:

» Two-dimentional (2D) and three-dimentional (3D) seismic surveys;
e Multi-beam bathymetry survey;

« Seafloor heatflow measurements; and

» Seabed sampling programme.

In terms of the of Section 79(4)(b) of the Mineral and Petroleum Resources Development
Act (No. 28 of 2002) (MPRDA), a requirement for obtaining an Exploration Right is that an
Environmental Management Programme (EMP) must be compiled in terms of Section 39 and
submitted to the Petroleum Agency of South Africa (PASA) for consideration and for approval by
the Minister of Mineral Resources. CCA Environmental (Pty) Ltd (CCA) has been appointed to
compile the EMP for the proposed exploration programme. CCA in turn has approached Pisces
Environmental Services (Pty) Ltd for a specialist report on potential impacts of the proposed
operations on marine fauna in the area.

Hydrocarbon deposits occur in reservoirs in sedimentary rock layers. Being lighter than
water they accumulate in traps where the sedimentary layers are arched or tilted by folding or
faulting of the geological layers. Marine seismic surveys are the primary tool for locating such
deposits and are thus an indispensable component of offshore oil or gas exploration.

The nature of the sound impulses utilised during seismic surveys have resulted in concern
over their potential impact on marine fauna, particularly marine mammals, fish, and turtles
(McCauley et al. 2000). Consequently, it has been proposed that environmental management
already be applied at the exploration stage of the a life cycle of a hydrocarbon field project
(Duff et al. 1997, in Salter & Ford 2001).

1.1. Scope of Work

This specialist report was compiled as a desktop study on behalf of CCA, for their use in
compiling an EMP for the proposed exploration programme in Block 2C off the South African
West Coast.

The terms of reference for this study, as specified by CCA, are:

« Provide a general description of the local marine fauna in and around the proposed
Exploration Right area;

o |dentify, describe and assess the significance of potential impacts of the proposed
exploration programme on the local marine fauna, focussing particularly on marine
mammals and turtles, but including generic effects on fish and pelagic and benthic
invertebrates; and

+ Identify practicable mitigation measures to reduce any negative impacts and indicate
how these could be implemented in the implementation and management of the
proposed project.

’/T‘g . :
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1.2. Approach to the Study

As determined by the terms of reference, this study has adopted a ‘desktop’ approach.
Consequently, the description of the natural baseline environment in the study area is based on
a review and collation of existing information and data from the scientific literature, internal
reports and the Generic Environmental Management Programme Report (EMPR) compiled for oil
and gas exploration in South Africa (CCA & CMS 2001). The sections on whales and dolphins and
the impacts of seismics on these, were compiled with contributions made by Dr Simon Elwen
and Dr Tess Gridley of the Namibian Dolphin Project and the Mammal Research Institute
(University of Pretoria) to a previous Marine Faunal Assessment undertaken for Block 1 (Pulfrich |
et al. 2012) The information for the identification of potential impacts was drawn from various :
scientific publications, the Generic EMPR, information sourced from the Internet as well as
Marine Mammal Observer Close-out Reports prepared for previous seismic surveys undertaken
off the South African coast. The sources consulted are listed in the Reference chapter.

All identified marine impacts are summarised, categorised and ranked in appropriate
impact assessment tables, to be incorporated in the overall EMP Addendum.

Q&a Pisces Environmental Services (Pty) Ltd 6
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2. DESCRIPTION OF THE PROPOSED PROJECT

Anadarko is proposing to undertake a 2D and 3D survey over Block 2C in combination with
seafloor geochemical surveying (e.g. multibeam bathymetry, seafloor sampling, and heatflow
measurements). Block 2C covers an area of -6,224 km?, extending from roughly the 300 m
depth contour to beyond the continental shelf with depths up to 1,500 m. (Figure 1).
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Figure 1: Map indicating location of petroleum licence Block 2C in relation to neighbouring licence
blocks. Places mentioned in the text are also indicated.

2.1. Seismic Surveys

Seismic survey programmes comprise data acquisition in either 2D and/or 3D scales,
depending on information requirements. 2D surveys are typically applied to obtain regional
data from widely spaced survey grids and provide a vertical slice through the seafloor geology
along the survey track-line. Infill surveys on closer grids subsequently provide more detail over
specific areas of interest. In contrast, 3D seismic surveys are conducted on a very tight survey
grid in specific target areas identified during 2D applications, and provide a cube image of the
seafloor geology along each survey track-line.

During seismic surveys high-level, low frequency sound impulses are generated by an array
of acoustic instrumentation towed behind a survey vessel, just below the sea surface. The
sounds are directed towards the seabed and the seismic signal is reflected by the geological
interfaces below the seafloor. The reflected signals are received by receivers or sets of
hydrophones towed behind the vessel in a single streamer (2D) or in multiple streamers (3D)
and are fed back to the recording instruments on board. The spacing between the hydrophone
groups is commonly 25 m or shorter, depending on the purpose of the seismic survey. Each

Pisces Environmental Services (Pty) Ltd 7
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group contains many hydrophones, spaced less than 1 m apart. The hydrophone streamers
must be towed at constant depth (5 - 30 m), with flotation usually achieved by filling the
cables with kerosene, so that they are neutrally buoyant. To compensate for minor
adjustments, Automatic Cable Levellers, or "birds" are used. The ends of the hydrophone
streamers are marked with tail buoys, to warn shipping about the presence of the cable in the
water. The tail buoys also act as a platform for surface positioning systems so that the cable
locations can be accurately monitored.

While aquiring the seismic data, the survey vessel would travel along transects of a
prescribed grid within the survey area that have been chosen to cross any known or suspected
geological structure in the area. The vessel typically travels at a speed of between four and six
knots (i.e. 2 to 3 metres per second) while surveying.

The seismic survey would involve a seismic sound source (airgun array) and a hydrophone
streamer. The configuration of the airgun and hydrophone array would be dependent on
whether a 2D or 3D seismic survey is undertaken. Typically the streamer(s) can be up to
12,000 m long and towed at variable depths between 5 - 30 m depth below the surface. The
streamer(s) would therefore not be visible, except for the tail-buoy(s) at the terminal end(s) of
the cable(s). The airgun array would be towed -some 100 m behind the vessel at a depth of
between 5- 10 m below the surface. As the survey vessel would be restricted in
manoeuvrability (a turn radius of 4.5 km is expected), other vessels should remain clear of it.
A supply/chase vessel usually assists in the operation of keeping other vessels at a safe
distance.

Each triggering of a sound pulse is termed a seismic shot, and these are fired at intervals
of 10 - 20 seconds and at an operating pressure of between 2,000 to 2,500 psi and a volume of
3,000 to 5,000 cubic inches. Each seismic shot is usually only between 5 and 30 milliseconds in
duration, and despite peak levels within each shot being high, the total energy delivered into
the water is low.

Airguns have most of their energy in the 5-300 Hz frequency range, with the optimal
frequency required for deep penetration seismic work being 50-80 Hz. The maximum sound
pressure levels at the source of airgun arrays in use today in the seismic industry are in the
range 230-255 dB re 1pPa at 1 m, with the majority of their produced energy being low
frequency of 10-100 Hz (McCauley 1994; NRC 2003). The location where this level of sound is
attained is directly beneath the airgun array, generally near its centre, but the exact location
and depth beneath the array are dependent on the detailed makeup of the array, the water
depth, and the physical properties of the seafloor (Dragoset 2000). However, based on
analogue sound sources, sound levels for the seismic survey can notionally be expected to
attenuate below 160 dB less than 1,325 m from the source array.

It is anticipated that the proposed 2D seismic survey would comprise a number of low
density spaced survey lines covering the majority of Block 2C. Once the initial 2D survey has
been undertaken the data will be analysed. After data analysis further possible target areas
may be identified for further 3D surveying. It is anticipated that the minimum 3D seismic
survey size would be in the order 750 km?, but it could cover the entire block. Although survey
commencement would ultimately depend on a permit award date, availability of seismic
contractors and other factors, it is anticipated that the survey would be undertaken during the
summer of 2013/2014 and would take on the order of 2 - 3 months to complete.

.~ Pisces Environmental Services (Pty) Ltd 8
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2.2, Multi-beam Bathymetry Survey

The multi-beam bathymetry survey would be undertaken over the majority of the
Exploration Right area, in order to produce a digital terrain model of the seafloor (Figure 2).

The survey vessel would be equipped with a multi-beam echo sounder to obtain swath
bathymetry, and a sub-bottom profiler to image the seabed and the near-surface geology.
Multi-beam technology is a complex sonar array that allows surveying of the seafloor at a
resolution and accuracy sufficient to image the typical scale of active seafloor seeps. The
multi-beam system provides depth-sounding information on either side of the vessel’s track
across a swath width of approximately two times the water depth, thereby allowing for highly
accurate imaging and mapping of seafloor topography in the form of digital terrain models.

The multi-beam echo sounder emits a fan of acoustic beams from a transducer at
frequencies ranging from 90 - 100 kHz and typically produces sound levels up to 235 db re 1 pPa
at 1 m. Multi-beam surveys have a footprint on the seabed of up to 7.4 times the water depth
and to a width of 1.5°. When mapping in 1,000 m of water, such a system would ensonify a
moving area 7.4 km by 50 m. Multi-beam surveys are typically conducted at speeds of up to 12
knots, working in parallel tracks with some overlap between swaths. At this speed, a point
1,000 m away from the ship would experience sound levels >50% beam strength for <10 seconds
(O’Brien et al. 2005).

Figure 2: Schematic of a vessel using multi-beam depth/echo sounders (http://www.gns.cri.nz/).

The sub-bottom profiler emits an acoustic pulse from a transducer at frequencies ranging
from 0.4 - 40 kHz and typically produces sound levels in the order of 200-230 db re 1 pPa at
1 m. The operating frequencies of the acoustic equipment used in sonar surveys typically fall
into the high frequency kHz range, and are thus well beyond the hearing abilities of most
marine fauna.

These bathymetric data alone are not sufficient to identify all possible hydrocarbon seeps,
as many seeps have no bathymetric expression. Backscatter data is typically collected

Pisces Environmental Services (Pty) Ltd 9
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concurrently by multi-beam echosounders as it can measure several properties of the seafloor
associated with hydrocarbon seeps including; hardness; roughness; and volumetric
heterogeneity. One or more of these three properties can result in an increase in backscatter
intensity recorded by the multi-beam system and aid in the identification of potential natural
hydrocarbon seeps on the seafloor in the survey area.

Chirp seismic systems in contrast are powerful echo-sounders, where the sound source
penetrates the seabed up to 60 m beneath the seafloor thereby providing a profiles of the
deeper sediment layers.

It is anticipated that data acquisition would take in the order of 28 - 35 productive days to
complete at a vessel speed of 4 knots.

The data acquired by these sonar techniques would be used to identify, prioritize, and
target potential piston coring and heat-flow measurement locations. Selected sites will then
be sampled with navigated piston cores. The number of cores sampled and their exact location
within the licence area can only be evaluated once the multi-beam bathymetric survey results
are available.

2.3. Seafloor Heatflow Measurements

The heatflow measurements would be conducted using heatflow probes, which would
measure both the temperature and thermal conductivity of sediments in situ up to 12 m below
the seabed. The probe typically consists of a 6-cm diameter solid alloy steel bar, which
extends from the the wire termination at the top through the 500 kg lead-fill weight stand,
down to the tip of the heatflow probe. The out-rigged thermistor string is attached parallel to
the steel bar (Figure 3). The heatflow probe is normally 3 m in length and has 16 sensors. The
first eleven sensors measure temperature within the probe at 30 c¢cm intervals down into the
sediment. The remaining sensors measure the water temperature, internal temperature of the
probe, the tilt of the probe from vertical, water pressure, as well as a reference resistor.
Acquisition of these data would be used to determine the thermal regime and calibrate thermal
models to understand hydrocarbon system potential.

The measurement device would be lowered from a vessel to near the seabed. It is then
allowed to drop under its own weight, being driven into the sediments by gravity. The
instrument is allowed to equilibrate for a minimum of 20 minutes and is then recovered to the
surface. No samples or other materials would be recovered with the heatflow probe. It is
anticipated that up to 50 measurements would be collected across the Exploration Right area,
which would take in the order of 21 - 35 productive days to complete.

 —
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Figure 3: Heatflow probe being lowered over the side of a survey vessel (Source: www.geo.uni-
bremen.de), and schematic of a heatflow probe (Source: TDI-Brookes).

2.4, Seabed Sampling Programme

Having identified possible locations of natural hydrocarbon on the seafloor using multi-
beam bathymetry, backscatter and sub-bottom profiles, targeted piston coring would be
undertaken. Piston coring is one of the more common methods used to collect seabed
geochemical samples, with the sequence of operation illustrated in Figure 4. The piston coring
operation is carried out by winching the tool over the side of the vessel and lowering the corer
to just above the seabed (A). As the trigger weight hits the bottom (B), it releases the weight
on the trigger arm and the trigger arm begins to rise. Once the trigger arm has risen through
its full 1.2 m of travel (C), the corer is released to "free-fall" the 3 m distance to the bottom,
forcing the core barrel to travel down over the piston into the sediment. When the corer hits
the end of its 3 m slack loop, the piston starts up the core barrel (D) creating suction below the
piston, and expelling the water out the top of the corer. When forward momentum of the core
has stopped, a slow pullout on the winch is begun. The suction created by the core sample in
the liner prevents movement of the piston to the top of the core barrel in response to tension
on the core wire. This suction triggers the separation of the top and bottom sections of the
piston (E). The bottom half of the piston remains in place over the sediment to maintain
integrity of the sample, while the top half (attached to the coring wire) "fetches up" against
the stop in the core head, allowing the corer to be pulled out of the sediment and the sample
to be hauled onboard. The recovered cores are visually examine at the surface for indications
of hydrocarbons (gas hydrate, gas parting, or oil staining) and three sets of sub-samples
retained for further geochemical analysis. Any material having geologic or environmental
interest would be preserved for further study. The remaining sediment would be returned to
the seabed.

~ Pisces Environmental Services (Pty) Ltd 11
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Figure 4: Schematic of the piston core operation at the seabed (Source: TDI-Brooks).

Typically core barrels are 6 m in length, with a diameter of 67 mm. It is proposed to take
in the order of 200 cores collected across the Exploration Right area, although the exact
number and their location would be identified following analysis of the multi-beam
bathymetric survey results. Each individual core would have a disturbance area and volume of
0.003 m? and 0.02 m?, respectively, resulting in a total disturbance area and volume of
approximately 0.6 m? and 4 m?, respectively. It is anticipated that the initial seabed sampling
programme would take on the order of 21 to 35 productive days to complete.
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IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

3. DESCRIPTION OF THE BASELINE MARINE ENVIRONMENT

The descriptions of the physical and biological environments along the South African West
Coast focus primarily on the study area between the Orange River mouth and Hondeklipbaai.
The purpose of this environmental description is to provide the marine baseline environmental
context within which the proposed seismic surveys will take place. The summaries presented
below are based on information gleaned from Lane & Carter (1999), Morant (2006), and Penney
et al. (2007).

3.1. Geophysical Characteristics
3.1.1 Bathymetry

The continental shelf along the West Coast is generally wide and deep, although large
variations in both depth and width occur. The shelf maintains a general NNW trend, widening
north of Cape Columbine and reaching its widest off the Orange River (180 km) (Figure 1). The
nature of the shelf break varies off the South African West Coast. Between Cape Columbine
and the Orange River, there is usually a double shelf break, with the distinct inner and outer
slopes, separated by a gently sloping ledge. The immediate nearshore area consists mainly of a
narrow (about 8 km wide) rugged rocky zone and slopes steeply seawards to a depth of around
80 m. The middle and outer shelf normally lacks relief and slopes gently seawards reaching the
shelf break at a depth of ~300 m.

Banks on the continental shelf include the Orange Bank (Shelf or Cone), a shallow (160 -
190 m) zone that reaches maximal widths (180 km) offshore of the Orange River, and Child’s
Bank, situated ~150 km offshore at about 31°S. Tripp Seamount is a geological feature to the
northwest of Block 2C, which rises from the seabed at ~1,000 m to a depth of 150 m,

3.1.2 Coastal and Inner-shelf Geology and Seabed Geomorphology

Figure 5 illustrates the distribution of seabed surface sediment types off the South African
north-western coast. The inner shelf is underlain by Precambrian bedrock (also referred to as
Pre-Mesozoic basement), whilst the middle and outer shelf areas are composed of Cretaceous
and Tertiary sediments (Dingle 1973; Birch et al. 1976; Rogers 1977; Rogers & Bremner 1991).
As a result of erosion on the continental shelf, the unconsolidated sediment cover is generally
thin, often less than 1 m. Sediments are finer seawards, changing from sand on the inner and
outer shelves to muddy sand and sandy mud in deeper water. However, this general pattern
has been modified considerably by biological deposition (large areas of shelf sediments contain
high levels of calcium carbonate) and localised river input. An ~500-km long mud belt (up to
40 km wide, and of 15 m average thickness) is situated over the outer edge of the middle shelf
between the Orange River and St Helena Bay (Birch et al. 1976). Further offshore, sediment is
dominated by muddy sands, sandy muds, mud and some sand. The continental slope, seaward
of the shelf break, has a smooth seafloor, underlain by calcareous ooze.

Present day sedimentation is limited to input from the Orange River. This sediment is
generally transported northward. Most of the sediment in the area is therefore considered to
be relict deposits by now ephemeral rivers active during wetter climates in the past. The
Orange River, when in flood, still contributes largely to the mud belt as suspended sediment is
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carried southward by poleward flow. In this context, the absence of large sediment bodies on
the inner shelf reflects on the paucity of terrigenous sediment being introduced by the few
rivers that presently drain the South African West Coast coastal plain.
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Figure 5: Sediment distribution on the continental shelf of the South African West Coast (Adapted
from Rogers 1977).

3.2. Biophysical Characteristics
3.2.1 Wind Patterns

Winds are one of the main physical drivers of the nearshore Benguela region, both on an
oceanic scale, generating the heavy and consistent south-westerly swells that impact this
coast, and locally, contributing to the northward-flowing longshore currents, and being the
prime mover of sediments in the terrestrial environment. Consequently, physical processes are
characterised by the average seasonal wind patterns, and substantial episodic changes in these
wind patterns have strong effects on the entire Benguela region.

The prevailing winds in the Benguela region are controlled by the South Atlantic
subtropical anticyclone, the eastward moving mid-latitude cyclones south of southern Africa,
and the seasonal atmospheric pressure field over the subcontinent. The south Atlantic
anticyclone is a perennial feature that forms part of a discontinuous belt of high-pressure
systems which encircle the subtropical southern hemisphere. This undergoes seasonal
variations, being strongest in the austral summer, when it also attains its southernmost
extension, lying south west and south of the subcontinent. In winter, the south Atlantic
anticyclone weakens and migrates north-westwards,
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These seasonal changes result in substantial differences between the typical summer and
winter wind patterns in the region, as the southern hemisphere anti-cyclonic high-pressures
system, and the associated series of cold fronts, moves northwards in winter, and southwards
in summer. The strongest winds occur in summer, during which winds blow 99% of the time,
with a total of 226 gales (winds exceeding 18 m/s or 35 kts) being recorded over the period
(Figure 6; supplied by CSIR). Virtually all winds in summer come from the south-east to south-
west, strongly dominated by southerlies which occur over 40% of the time, averaging 20 - 30 kts
and reaching speeds in excess of 100 km/h (60 kts). South-easterlies are almost as common,
blowing about one-third of the time, and also averaging 20 - 30 kts. The combination of these
southerly/south-easterly winds drives the massive offshore movements of surface water, and
the resultant strong upwelling of nutrient-rich bottom waters, which characterise this region in
summer.

Winter remains dominated by southerly to south-easterly winds, but the closer proximity
of the winter cold-front systems results in a significant south-westerly to north-westerly
component (Figure 6). This ‘reversal’ from the summer condition results in cessation of
upwelling, movement of warmer mid-Atlantic water shorewards and breakdown of the strong
thermoclines which typically develop in summer. There are also more calms in winter,
occurring about 3% of the time, and wind speeds generally do not reach the maximum speeds
of summer. However, the westerlies winds blow in synchrony with the prevailing south-
westerly swell direction, resulting in heavier swell conditions in winter.

3.2.2 Large-Scale Circulation and Coastal Currents

The southern African West Coast is strongly influenced by the Benguela Current. Current
velocities in continental shelf areas generally range between 10 - 30 cm/s (Boyd & Oberholster
1994). On its western side, flow is more transient and characterised by large eddies shed from
the retroflection of the Agulhas Current. In the south the Benguela current has a width of
200 km, widening rapidly northwards to 750 km. The flows are predominantly wind-forced,
barotropic and fluctuate between poleward and equatorward flow (Shillington et al. 1990;
Nelson & Hutchings 1983) (Figure 7). Fluctuation periods of these flows are 3 - 10 days,
although the long-term mean current residual is in an approximate northwest (alongshore)
direction. Near bottom shelf flow is mainly poleward (Nelson 1989) with low velocities of
typically 5 cm/s. The poleward flow becomes more consistent in the southern Benguela.

The major feature of the Benguela Current Coastal is upwelling and the consequent high
nutrient supply to surface waters leads to high biological production and large fish stocks. The
prevailing longshore, equatorward winds move nearshore surface water northwards and
offshore. To balance the displaced water, cold, deeper water wells up inshore. Although the
rate and intensity of upwelling fluctuates with seasonal variations in wind patterns, the most
intense upwelling tends to occur where the shelf is narrowest and the wind strongest. There
are three upwelling centres in the southern Benguela, namely the Namaqua (30°S), Cape
Columbine (33°S) and Cape Point (34°S) upwelling cells (Taunton-Clark 1985) (Figure 8; bottom
left). Upwelling in these cells is seasonal, with maximum upwelling occurring between
September and March. An example of one such strong upwelling event in December 1996,
followed by relaxation of upwelling and intrusion of warm Agulhas waters from the south, is
shown in the satellite images in Figure 8.
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Figure 6: VOS Wind Speed vs Wind Direction data for the offshore area 28°-29°S; 15°-16°E

(Oranjemund) (Source: Voluntary Observing Ship (VOS) data from the Southern Africa
Data Centre for Oceanography (SADCO)).
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Figure 7: Major features of the predominant circulation patterns and volume flows in the Benguela
System, along the southern Namibian and South African west coasts (re-drawn from
Shannon & Nelson 1996).
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4 December 1996 6 December 1996

Figure 8: Satellite sea-surface temperature images showing upwelling intensity along the South
African west coast on four days in December 1996 (from Lane & Carter 1999).
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Where the Agulhas Current passes the southern tip of the Agulhas Bank (Agulhas
Retroflection area), it may shed a filament of warm surface water that moves north-westward
along the shelf edge towards Cape Point, and Agulhas Rings, which similarly move north-
westwards into the South Atlantic Ocean. These rings may extend to the seafloor and west of
Cape Town may split, disperse or join with other rings. During the process of ring formation,
intrusions of cold subantractic water moves into the South Atlantic. The contrast in warm
(nutrient-poor) and cold (nutrient-rich) water is thought to be reflected in the presence of
cetaceans and large migratory pelgic fish species (Best 2007).

3.2.3 Waves and Tides

Most of the west coast of southern Africa is classified as exposed, experiencing strong
wave action, rating between 13 - 17 on the 20 point exposure scale (McLachlan 1980). Much of
the coastline is therefore impacted by heavy south-westerly swells generated in the roaring
forties, as well as significant sea waves generated locally by the prevailing moderate to strong
southerly winds characteristic of the region. The peak wave energy periods fall in the range
9.7 - 15.5 seconds.

Typical seasonal swell-height rose-plots, compiled from Voluntary Observing Ship (VOS) data
off Oranjemund, are shown in Figure 9 (supplied by CSIR). The wave regime along the southern
African west coast shows only moderate seasonal variation in direction, with virtually all swells
throughout the year coming from the SW - S direction. Winter swells, however, are strongly
dominated by those from the SW - SSW, which occur almost 80% of the time, and typically
exceed 2 m in height, averaging about 3 m, and often attaining over 5 m. With wind speeds
capable of reaching 100 km/h during heavy winter south-westerly storms, winter swell heights
can exceed 10 m.

In comparison, summer swells tend to be smaller on average, typically around 2 m, not
reaching the maximum swell heights of winter. There is also a more pronounced southerly
swell component in summer. These southerly swells tend to be wind-induced, with shorter
wave periods (-8 seconds), and are generally steeper than swell waves (CSIR 1996). These
wind-induced southerly waves are relatively local and, although less powerful, tend to work
together with the strong southerly winds of summer to cause the northward-flowing nearshore
surface currents, and result in substantial nearshore sediment mobilisation, and northwards
transport, by the combined action of currents, wind and waves.

In common with the rest of the southern African coast, tides are semi-diurnal, with a total
range of some 1.5 m at spring tide, but only 0.6 m during neap tide periods.
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Figure 9: VOS Wave Height vs Wave Direction data for the offshore area (28°-29°S; 15°-16°E
recorded during the period 1 February 1906 and 12 June 2006)) (Source: Voluntary

Observing Ship (VOS) data from the Southern African Data Centre for Oceanography '
(SADCO)).
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3.2.4 Water

South Atlantic Central Water (SACW) comprises the bulk of the seawater in the study area,
either in its pure form in the deeper regions, or mixed with previously upwelled water of the
same origin on the continental shelf (Nelson & Hutchings 1983). Salinities range between
34.5% and 35.5%. (Shannon 1985).

Seawater temperatures on the continental shelf of the southern Benguela typically vary
between 6°C and 16°C., Well-developed thermal fronts exist, demarcating the seaward
boundary of the upwelled water. Upwelling filaments are characteristic of these offshore
thermal fronts, occurring as surface streamers of cold water, typically 50 km wide and
extending beyond the normal offshore extent of the upwelling cell. Such fronts typically have
a lifespan of a few days to a few weeks, with the filamentous mixing area extending up to
625 km offshore. South and east of Cape Agulhas, the Agulhas retroflection area is a global
“hot spot” in terms of temperature variability and water movements.

The continental shelf waters of the Benguela system are characterised by low oxygen
concentrations, especially on the bottom. SACW itself has depressed oxygen concentrations
(~80% saturation value), but lower oxygen concentrations (<40% saturation) frequently occur
(Bailey et al. 1985; Chapman & Shannon 1985).

Nutrient concentrations of upwelled water of the Benguela system attain 20 pm nitrate-
nitrogen, 1.5 pm phosphate and 15-20 pm silicate, indicating nutrient enrichment (Chapman &
Shannon 1985). This is mediated by nutrient regeneration from biogenic material in the
sediments (Bailey et al. 1985). Modification of these peak concentrations depends upon
phytoplankton uptake which varies according to phytoplankton biomass and production rate.
The range of nutrient concentrations can thus be large but, in general, concentrations are high.

3.2.5 Upwelling & Plankton Production

The cold, upwelled water is rich in inorganic nutrients, the major contributors being
various forms of nitrates, phosphates and silicates (Chapman & Shannon 1985). During
upwelling the comparatively nutrient-poor surface waters are displaced by enriched deep
water, supporting substantial seasonal primary phytoplankton production. This, in turn, serves
as the basis for a rich food chain up through zooplankton, pelagic baitfish (anchovy, pilchard,
round-herring and others), to predatory fish (hake and snoek), mammals (primarily seals and
dolphins) and seabirds (jackass penguins, cormorants, pelicans, terns and others). High
phytoplankton productivity in the upper layers again depletes the nutrients in these surface
waters. This results in a wind-related cycle of plankton production, mortality, sinking of
plankton detritus and eventual nutrient re-enrichment occurring below the thermocline as the
phytoplankton decays.

3.2.6 Organic Inputs

The Benguela upwelling region is an area of particularly high natural productivity, with
extremely high seasonal production of phytoplankton and zooplankton. These plankton blooms
in turn serve as the basis for a rich food chain up through pelagic baitfish (anchovy, pilchard,
round-herring and others), to predatory fish (snoek), mammals (primarily seals and dolphins)
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and seabirds (jackass penguins, cormorants, pelicans, terns and others). All of these species
are subject to natural mortality, and a proportion of the annual production of all these trophic
levels, particularly the plankton communities, die naturally and sink to the seabed.

Balanced multispecies ecosystem models have estimated that during the 1990s the
Benguela region supported biomasses of 76.9 tons/km? of phytoplankton and 31.5 tons/km? of
zooplankton alone (Shannon et al. 2003). Thirty six percent of the phytoplankton and 5% of the
zooplankton are estimated to be lost to the seabed annually. This natural annual input of
millions of tons of organic material onto the seabed off the southern African West Coast has a
substantial effect on the ecosystems of the Benguela region. It provides most of the food
requirements of the particulate and filter-feeding benthic communities that inhabit the sandy-
muds of this area, and results in the high organic content of the muds in the region. As most of
the organic detritus is not directly consumed, it enters the seabed decomposition cycle,
resulting in subsequent depletion of oxygen in deeper waters.

An associated phenomenon ubiquitous to the Benguela system are red tides (dinoflagellate
and/or ciliate blooms) (see Shannon & Pillar 1985; Pitcher 1998). Also referred to as Harmful
Algal Blooms (HABs), these red tides can reach very large proportions. Toxic dinoflagellate
species can cause extensive mortalities of fish and shellfish through direct poisoning, while
degradation of organic-rich material derived from both toxic and non-toxic blooms results in
oxygen depletion of subsurface water.

3.2.7 Low Oxygen Events

The continental shelf waters of the Benguela system are characterised by low oxygen
concentrations with <40% saturation occurring frequently (e.g. Visser 1969; Bailey et al. 1985).
The low oxygen concentrations are attributed to nutrient remineralisation in the bottom waters
of the system (Chapman & Shannon 1985). The absolute rate of this is dependent upon the net
organic material build-up in the sediments, with the carbon rich mud deposits playing an
important role. As the mud on the shelf is distributed in discrete patches (see Figure 5), there
are corresponding preferential areas for the formation of oxygen-poor water. The two main
areas of low-oxygen water formation in the southern Benguela region are in the Orange River
Bight and St Helena Bay (Chapman & Shannon 1985; Bailey 1991; Shannon & O'Toole 1998;
Bailey 1999; Fossing et al. 2000). The spatial distribution of oxygen-poor water in each of the
areas is subject to short- and medium-term variability in the volume of hypoxic water that
develops. De Decker (1970) showed that the occurrence of low oxygen water off Lambert’s Bay
is seasonal, with highest development in summer/autumn, Bailey & Chapman (1991), on the
other hand, demonstrated that in the St Helena Bay area daily variability exists as a result of
downward flux of oxygen through thermoclines and short-term variations in upwelling intensity.
Subsequent upwelling processes can move this low-oxygen water up onto the inner shelf, and
into nearshore waters, often with devastating effects on marine communities.

Periodic low oxygen events in the nearshore region can have catastrophic effects on the
marine communities leading to large-scale stranding of rock lobsters, and mass mortalities of
marine biota and fish (Newman & Pollock 1974; Matthews & Pitcher 1996; Pitcher 1998;
Cockcroft et al. 2000). The development of anoxic conditions as a result of the decomposition
of huge amounts of organic matter generated by algal blooms is the main cause for these
mortalities and walkouts. The blooms develop over a period of unusually calm wind conditions
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when sea surface temperatures where high. Algal blooms usually occur during summer-autumn
(February to April) but can also develop in winter during the ‘berg’ wind periods, when similar
warm windless conditions occur for extended periods.

3.2.8 Turbidity

Turbidity is a measure of the degree to which the water loses its transparency due to the
presence of suspended particulate matter. Total Suspended Particulate Matter (TSPM) can be
divided into Particulate Organic Matter (POM) and Particulate Inorganic Matter (PIM), the ratios
between them varying considerably. The POM usually consists of detritus, bacteria,
phytoplankton and zooplankton, and serves as a source of food for filter-feeders. Seasonal
microphyte production associated with upwelling events will play an important role in
determining the concentrations of POM in coastal waters. PIM, on the other hand, is primarily
of geological origin consisting of fine sands, silts and clays. Off the southern African West
Coast, the PIM loading in nearshore waters is strongly related to natural riverine inputs. ‘Berg’
wind events can potentially contribute the same order of magnitude of sediment input as the
annual estimated input of sediment by the Orange River (Shannon & Anderson 1982; Zoutendyk
1992, 1995; Shannon & Q’Toole 1998; Lane & Carter 1999).

Concentrations of suspended particulate matter in shallow coastal waters can vary both
spatially and temporally, typically ranging from a few mg/l to several tens of mg/l (Bricelj &
Malouf 1984; Berg & Newell 1986; Fegley et al. 1992). Field measurements of TSPM and PIM
concentrations in the Benguela current system have indicated that outside of major flood
events, background concentrations of coastal and continental shelf suspended sediments are
generally <12 mg/l, showing significant long-shore variation (Zoutendyk 1995). Considerably
higher concentrations of PIM have, however, been reported from southern African West Coast
waters under stronger wave conditions associated with high tides and storms, or under flood
conditions.

The major source of turbidity in the swell-influenced nearshore areas off the West Coast is
the redistribution of fine inner shelf sediments by long-period Southern Qcean swells. The
current velocities typical of the Benguela (10-30 cm/s) are capable of resuspending and
transporting considerable quantities of sediment equatorwards. Under relatively calm wind
conditions, however, much of the suspended fraction (silt and clay) that remains in suspension
for longer periods becomes entrained in the slow poleward undercurrent (Shillington et al.
1990; Rogers & Bremner 1991).

Superimposed on the suspended fine fraction, is the northward littoral drift of coarser
bedload sediments, parallel to the coastline. This northward, nearshore transport is generated
by the predominantly south-westerly swell and wind-induced waves. Longshore sediment
transport varies considerably in the shore-perpendicular dimension, being substantially higher
in the surf-zone than at depth, due to high turbulence and convective flows associated with
breaking waves, which suspend and mobilise sediment (Smith & Mocke 2002).

On the inner and middle continental shelf, the ambient currents are insufficient to
transport coarse sediments, and resuspension and shoreward movement of these by wave-
induced currents occur primarily under storm conditions (see also Drake et al. 1985; Ward
1985).
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3.3. The Biological Environment

Biogeographically, the study area falls into the cold temperate Namaqua Bioregion,
which extend from Sylvia Hill, north of Liideritz in Namibia to Cape Columbine (Emanuel et al.
1992; Lombard et al. 2004). The portion of the proposed Exploration Right area that extends
beyond the shelf break onto the continental slope and into abyssal depths fall into the Atlantic
Offshore Bioregion (Lombard et al. 2004). The coastal, wind-induced upwelling characterising
the western Cape coastline, is the principle physical process which shapes the marine ecology
of the southern Benguela region. The Benguela system is characterised by the presence of cold
surface water, high biological productivity, and highly variable physical, chemical and
biological conditions.

Communities within marine habitats are largely ubiquitous throughout the southern
African West Coast region, being particular only to substrate type or depth zone. These
biological communities consist of many hundreds of species, often displaying considerable
temporal and spatial variability (even at small scales). The majority of the proposed
Exploration Right area is located beyond the 300 m depth contour, the closest points to shore
being -200 km off the coast in the area off the Groen River, and -220 km off the coast in the
north of the Exploration Right area off Kleinzee. The near- and offshore marine ecosystems
comprise a limited range of habitats, namely unconsolidated seabed sediments and the water
column. The biological communities ‘typical’ of these habitats are described briefly below,
focussing both on dominant, commercially important and conspicuous species, as well as
potentially threatened or sensitive species, which may be affected by the proposed seismic
survey.

3.3.1 Demersal Communities
3.3.1.1 Benthic Invertebrate Macrofauna

The benthic biota of soft-bottom substrates constitutes invertebrates that live on
(epifauna), or burrow within (infauna), the sediments, and are generally divided into
macrofauna (animals >1 mm) and meiofauna (<1 mm). The structure and composition of
benthic soft bottom communities is primarily a function of water depth and sediment grain
size, but other factors such as current velocity, organic content, and food abundance also play
a role (Snelgrove & Butman 1994; Flach & Thomsen 1998; Ellingsen 2002).

Numerous studies have been conducted on southern African West Coast continental shelf
benthos, mostly focused on mining, pollution or demersal trawling impacts (Christie & Moldan
1977; Moldan 1978; Jackson & McGibbon 1991; Environmental Evaluation Unit 1996; Parkins &
Field 1997; 1998; Pulfrich & Penney 1999; Goosen et al. 2000; Savage et al. 2001; Steffani &
Pulfrich 2004a, 2004b; 2007; Steffani 2007a; 2007b; Atkinson 2009). The description below is
drawn from the various baseline and monitoring surveys conducted by diamond mining
companies (Bickerton & Carter 1995; Steffani & Pulfrich 2007; Steffani 2007a; 2007b),
supplemented by the work of Christie (1974), who undertook a systematic study investigating
macrobenthic community distributions across the continental shelf off Lamberts Bay.

In general, species diversity, abundance and biomass increase from the shore to 80 m
depth, with communities being characterised equally by polychaetes, crustaceans and
molluscs. Further offshore to 120 m depth, the midshelf is a particularly rich benthic habitat
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where biomass can attain 60 g/m? dry weight (Christie 1974; see also Steffani 2007b). The
comparatively high benthic biomass in this midshelf region represents an important food source
to carnivores such as the mantis shrimp, cephalopods and demersal fish species (Lane & Carter
1999). Outside of this rich zone biomass declines to 4.9 g/m? at 200 m depth and then is
consistently low (<3 g/m?) on the outer shelf (Christie 1974). Offshore communities are
dominated by polychaetes (e.g. Diopatra dubia, D. monroi, D. cuprea cuprea, Lumbrineris
albidentata, Laonice cirrata), echinoderms (e.g. Amphiura sp., Ophiura sp.) and crustaceans
(e.g. Ampelisca brevicornis, Hippomedon onconotus, Tanais philetaerus) (Atkinson 2009). The
benthic fauna of the continental shelf and continental slope beyond ~450 m depth are poorly
known, largely due to limited opportunities for sampling, and to date very few areas of the
continental slope off the West Coast have been biologically surveyed. With little sea floor
topography and hard substrate, such areas are likely to offer minimal habitat diversity or
niches for animals to occupy. Detritus-feeding crustaceans, holothurians and echinoderms tend
to be the dominant epi-benthic organisms of such habitats.

An array of environmental factors and their complex interplay is responsible for the
structure of benthic communities, however, the relative importance of each of these factors is
difficult to determine as they interact and combine to define a distinct habitat in which the
animals occur. Nonetheless, water depth and sediment composition are two of the major
components of the physical environment determining the macrofauna community structure
(Steffani & Pulfrich 2004a, 2004b; 2007; Steffani 2007a; 2007b). Whilst many empirical studies
related community structure to sediment composition (e.g. Christie 1974; Warwick et al. 1991;
Yates et al. 1993; Desprez 2000; van Dalfsen et al. 2000), other studies have illustrated the
high natural variability of soft-bottom communities, both in space and time, on scales of
hundreds of metres to metres (e.g. Kenny et al. 1998; Kendall & Widdicombe 1999; van Dalfsen
et al. 2000; Zajac et al. 2000; Parry et al. 2003).

Also associated with soft-bottom substrates are demersal communities that comprise
bottom-dwelling invertebrate and vertebrate species, many of which are dependent on the
invertebrate benthic macrofauna as a food source. Atkinson (2009) reported numerous species
of urchins and burrowing anemones beyond 300 m depth off the West Coast. Common
commercial demersal species found mostly on the continental shelf but also extending beyond
500 m water depth include both the shallow-water hake, Merluccuis capensis and the deep-
water hake (Merluccius paradoxus), monkfish (Lophius vomerinus), and kingklip (Genypterus
capensis). There are also many other demersal “bycatch” species that include jacopever
(Helicolenus dactylopterus), angelfish/pomfret (Brama brama), kingklip (Genypterus capensis)
and gurnard (Chelidonichtyes sp), as well as several cephalopod species (such as squid and
cuttlefishes) and many elasmobranch (sharks and rays) species. The distribution of the shelf
community varies seasonally (Lane & Carter 1999; Hampton et al. 1999).

—
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3.3.1.2 Deep-water coral communities

There has been increasing interest in deep-water corals in recent years because of their
likely sensitivity to disturbance and their long generation times. These benthic filter-feeders
generally occur at depths exceeding 150 m. Some species form reefs while others are smaller
and remain solitary. Corals add structural complexity to otherwise uniform seabed habitats
thereby creating areas of high biological diversity (Breeze et al. 1997; Maclssac et al. 2001).
Deep water corals establish themselves below the thermocline where there is a continuous and
regular supply of concentrated particulate organic matter, caused by the flow of a relatively
strong current over special topographical formations which cause eddies to form. Nutrient
seepage from the substratum might also promote a location for settlement (Hovland et al.
2002). Substantial shelf areas in the productive Benguela region should thus potentially be
capable of supporting rich, cold water, benthic, filter-feeding communities.

3.3.1.3 Demersal Fish Species

As many as 110 species of bony and cartilaginous fish have been identified in the
demersal communities on the continental shelf of the West Coast (Roel 1987). Changes in fish
communities occur with increasing depth (Roel 1987; Smale et al. 1993; Macpherson & Gordoa
1992; Bianchi et al. 2001; Atkinson 2009), with the the most substantial change in species
composition occurring in the shelf break region between 300 m and 400 m depth (Roel 1987;
Atkinson 2009). The shelf community (<380 m) is dominated by the Cape hake M. capensis, and
includes jacopever Helicolenus dactylopterus, lzak catshark Holohalaelurus regain, soupfin
shark Galeorhinus galeus and whitespotted houndshark Mustelus palumbes. The more diverse
deeper water community is dominated by the deepwater hake Merluccius paradoxus, monkfish
Lophius vomerinus, kingklip Genypterus capensis, bronze whiptail Lucigadus ori and hairy
conger Bassanago albescens and various squalid shark species. There is some degree of species
overlap between the depth zones.

Roel (1987) showed seasonal variations in the distribution ranges shelf communities, with
species such as the pelagic goby Sufflogobius bibarbatus, and West Coast sole Austroglossus
microlepis occurring in shallow water north of Cape Point during summer only. The deep-sea
community was found to be homogenous both spatially and temporally. In a more recent stdy,
however, Atkinson (2009) identified two long-term community shifts in demersal fish
communities; the first (early to mid-1990s) being associated with an overall increase in density
of many species, whilst many species decreased in density during the second shift (mid-2000s).
These community shifts correspond temporally with regime shifts detected in environmental
forcing variables (Sea Surface Temperatures and upwelling anomalies) (Howard et al. 2007) and
with the eastward shifts observed in small pelagic fish species and rock lobster populations
(Coetzee et al. 2008, Cockcroft et al. 2008).

The diversity and distribution of demersal cartilagenous fishes on the West Coast is
discussed by Compagno et al. (1991). The species likely to occur in the proposed Exploration
Right area, and their approximate depth range, are listed in Table 2.

1~
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Table 2: Demersal cartilaginous species found on the continental shelf along the West Coast, with
approximate depth range at which the species occurs (Compagno et al. 1991).

Common Name

Scientific name

Depth Range

Frilled shark Chlamydoselachus anguineus 200-1,000
Six gill cowshark Hexanchus griseus 150-600
Gulper shark Centrophorus granulosus 480
Leafscale gulper shark Centrophorus squamosus 370-800
Bramble shark Echinorhinus brucus 55-285
Black dogfish Centroscyllium fabricii >700
Portuguese shark Centroscymnus coelolepis >700
Longnose velvet dogfish Centroscymnus crepidater 400-700
Birdbeak dogfish Deania calcea 400-800
Arrowhead dogfish Deania profundorum 200-500
Longsnout dogfish Deania quadrispinosum 200-650
Sculpted lanternshark Etmopterus brachyurus 450-900
Brown lanternshark Etmopterus compagnoi 450-925
Giant lanternshark Etmopterus granulosus >700
Smooth lanternshark Etmopterus pusillus 400-500
Spotted spiny dogfish Squalus acanthias 100-400
Shortnose spiny dogfish Squalus megalops 75-460
Shortspine spiny dogfish Squalus mitsukurii 150-600
Sixgill sawshark Pliotrema warreni 60-500
Goblin shark Mitsukurina owstoni 270-960
Smalleye catshark Apristurus microps 700-1,000
Saldanha catshark Apristurus saldanha 450-765
“grey/black wonder” catsharks Apristurus spp. 670-1,005
Tigar catshark Halaelurus natalensis 50-100
Izak catshark Holohalaelurus regani 100-500
Yellowspotted catshark Scyliorhinus capensis 150-500
Soupfin shark/Vaalhaai Galeorhinus galeus <10-300
Houndshark Mustelus mustelus <100
Whitespotted houndshark Mustelus palumbes >350
Little guitarfish Rhinobatos annulatus >100
Atlantic electric ray Torpedo nobiliana 120-450
African softnose skate Bathyraja smithii 400-1,020
Smoothnose legskate Cruriraja durbanensis >1,000
Roughnose legskate Crurirajaparcomaculata 150-620
African dwarf skate Neoraja stehmanni 290-1,025
Thorny skate Raja radiata 50-600
Bigmouth skate Raja robertsi >1,000
Slime skate Raja pullopunctatus 15-460
Rough-belly skate Raja springeri 85-500
Yellowspot skate Raja wallacei 70-500
Roughskin skate Raja spinacidermis 1,000-1,350
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Biscuit skate Raja clavata 25-500
Munchkin skate Raja caudaspinosa 300-520
Bigthorn skate Raja confundens 100-800
Ghost skate Raja dissimilis 420-1,005
Leopard skate Raja leopardus 300-1,000
Smoothback skate Raja ravidula 500-1,000
Spearnose skate Raja alba 75-260
St Joseph Callorhinchus capensis 30-380
Cape chimaera Chimaera sp. 680-1,000
Brown chimaera Hydrolagus sp. 420-850
Spearnose chimaera Rhinochimaera atlantica 650-960

3.3.2 Seamount Communities

Two geological features of note in the vicinity of the proposed Exploration Right area are
Child’s Bank, situated -150 km offshore at about 31°S, and Tripp Seamount situated ~250 km
offshore at about 29°40°’S. Features such as banks, knolls and seamounts (referred to
collectively here as “seamounts”), which protrude into the water column, are subject to, and
interact with, the water currents surrounding them. The effects of such seabed features on
the surrounding water masses can include the up-welling of relatively cool, nutrient-rich water
into nutrient-poor surface water thereby resulting in higher productivity (Clark et al. 1999),
which can in turn strongly influences the distribution of organisms on and around seamounts.
Evidence of enrichment of bottom-associated communities and high abundances of demersal
fishes has been regularly reported over such seabed features.

The enhanced fluxes of detritus and plankton that develop in response to the complex
current regimes lead to the development of detritivore-based food-webs, which in turn lead to
the presence of seamount scavengers and predators. Seamounts provide an important habitat
for commercial deepwater fish stocks such as orange roughy, oreos, alfonsino and Patagonian
toothfish, which aggregate around these features for either spawning or feeding (Koslow 1996).

Such complex benthic ecosystems in turn enhance foraging opportunities for many other
predators, serving as mid-ocean focal points for a variety of pelagic species with large ranges
(turtles, tunas and billfish, pelagic sharks, cetaceans and pelagic seabirds) that may migrate
large distances in search of food or may only congregate on seamounts at certain times (Hui
1985; Haney et al. 1995). Seamounts thus serve as feeding grounds, spawning and nursery
grounds and possibly navigational markers for a large number of species (SPRFMA 2007).

Enhanced currents, steep slopes and volcanic rocky substrata, in combination with locally
generated detritus, favour the development of suspension feeders in the benthic communities
characterising seamounts (Rogers 1994). Deep- and cold-water corals (including stony corals,
black corals and soft corals) (Figure 10, left) are a prominent component of the suspension-
feeding fauna of many seamounts, accompanied by barnacles, bryozoans, polychaetes,
molluscs, sponges, sea squirts, basket stars, brittle stars and crinoids (reviewed in
Rogers 2004). There is also associated mobile benthic fauna that includes echinoderms (sea
urchins and sea cucumbers) and crustaceans (crabs and lobsters) (reviewed by Rogers 1994).
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Some of the smaller cnidarians species remain solitary while others form reefs thereby adding
structural complexity to otherwise uniform seabed habitats. The coral frameworks offer
refugia for a great variety of invertebrates and fish (including commercially important species)
within, or in association with, the living and dead coral framework (Figure 10, right) thereby
creating spatially fragmented areas of high biological diversity. Compared to the surrounding
deep-sea environment, seamounts typically form biological hotspots with a distinct, abundant
and diverse fauna, many species of which remain unidentified. Consequently, the fauna of
seamounts is usually highly unique and may have a limited distribution restricted to a single
geographic region, a seamount chain or even a single seamount location (Rogers et al. 2008).
Levels of endemism on seamounts are also relatively high compared to the deep sea. As a
result of conservative life histories (i.e. very slow growing, slow to mature, high longevity, low
levels of recruitment) and sensitivity to changes in environmental conditions, such biological
communities have been identified as Vulnerable Marine Ecosystems (VMEs). They are
recognised as being particularly sensitive to anthropogenic disturbance (primarily deep-water
trawl fisheries and mining), and once damaged are very slow to recover, or may never recover
(FAO 2008).

It is not always the case that seamount habitats are VMEs, as some seamounts may not
host communities of fragile animals or be associated with high levels of endemism. South
Africa’s seamounts and their associated benthic communities have not been sampled by either
geologists or biologists (Sink & Samaai 2009) and the same is most likely true for Tripp
Seamount. There is reference to decapods crustaceans from Tripp Seamount (Kensley 1980,
1981) and exploratory deep-water trawl fishing (Hampton 2003), but otherwise knowledge of
benthic communities characterising southern African seamounts is lacking. Evidence from
video footage taken on hard-substrate habitats in 100 - 120 m depth off southern Namibia and
to the south-east of the submarine knoll known as Child’s Bank off the Namaqualand coast (De
Beers Marine, unpublished data) (Figure 11) suggest that vulnerable communities including
gorgonians, octocorals and reef-building sponges occur on the continental shelf, and similar
communities may thus be expected on the seamount.

Figure 10: Seamounts are characterised by a diversity of deep-water corals that add structural
complexity to seabed habitats and offer refugia for a variety of invertebrates and fish
(Photos:  www.dfo-mpo.gc.ca/science/Publications/article/2007/21-05-2007-eng.htm,
Ifremer & AWI 2003).
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Figure 11: Gorgonians and bryozoans communities recorded on deep-water reefs (100-120 m) off
the southern African West Coast (Photos: De Beers Marine).

3.3.3 Pelagic Communities

The pelagic communities are typically divided into plankton and fish, and their main
predators, marine mammals (seals, dolphins and whales), seabirds and turtles.

3.3.3.1 Plankton

Plankton is particularly abundant in the shelf waters off the West Coast, being associated
with the upwelling characteristic of the area. Plankton range from single-celled bacteria to
jellyfish of 2-m diameter, and include bacterio-plankton, phytoplankton, zooplankton, and
ichthyoplankton (Figure 12).

Phytoplankton are the principle primary producers with mean productivity ranging from
2.5 - 3.5 g C/m?/day for the midshelf region and decreasing to 1 g C/ mzlday inshore of 130 m
(Shannon & Field 1985; Mitchell-Innes & Walker 1991; Walker & Peterson 1991). The
phytoplankton is dominated by large-celled organisms, which are adapted to the turbulent sea
conditions. The most common diatom genera are Chaetoceros, Nitschia, Thalassiosira,
Skeletonema, Rhizosolenia, Coscinodiscus and Asterionella (Shannon & Pillar 1985). Diatom
blooms occur after upwelling events, whereas dinoflagellates (e.g. Prorocentrum, Ceratium
and Peridinium) are more common in blooms that occur during quiescent periods, since they
can grow rapidly at low nutrient concentrations. In the surf zone, diatoms and dinoflagellates
are nearly equally important members of the phytoplankton, and some silicoflagellates are also
present.

Red-tides are ubiquitous features of the Benguela system (see Shannon & Pillar, 1986).
The most common species associated with red tides (dinoflagellate and/or ciliate blooms) are
Noctiluca scintillans, Gonyaulax tamarensis, G. polygramma and the ciliate Mesodinium
rubrum. Gonyaulax and Mesodinium have been linked with toxic red tides. Most of these red-
tide events occur quite close inshore although Hutchings et al. (1983) have recorded red-tides
30 km offshore. They are unlikley to occur in the offshore regions of the proposed Exploration
Right area.

The mesozooplankton (=200 pm) is dominated by copepods, which are overall the most
dominant and diverse group in southern African zooplankton. Important species are
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Centropages brachiatus, Calanoides carinatus, Metridia (ucens, Nannocalanus minor,
Clausocalanus arcuicornis, Paracalanus parvus, P. crassirostris and Ctenocalanus vanus. All of
the above species typically occur in the phytoplankton rich upper mixed layer of the water
column, with the exception of M. [ucens which undertakes considerable vertical migration.

The macrozooplankton (>1,600 pm) are dominated by euphausiids of which 18 species
occur in the area. The dominant species occurring in the nearshore are Euphausia lucens and
Nyctiphanes capensis, although neither species appears to survive well in waters seaward of
oceanic fronts over the continental shelf (Pillar et al. 1991).

Standing stock estimates of mesozooplankton for the southern Benguela area range from
0.2 - 2.0 g C/m?, with maximum values recorded during upwelling periods. Macrozooplankton
biomass ranges from 0.1-1.0 g C/m?, with production increasing north of Cape Columbine
(Pillar 1986). Although it shows no appreciable onshore-offshore gradients, standing stock is
highest over the shelf, with accumulation of some mobile zooplanktors (euphausiids) known to
occur at oceanographic fronts. Beyond the continental slope biomass decreases markedly.

Zooplankton biomass varies with phytoplankton abundance and, accordingly, seasonal
minima will exist during non-upwelling periods when primary production is lower (Brown 1984;
Brown & Henry 1985), and during winter when predation by recruiting anchovy is high. More
intense variation will occur in relation to the upwelling cycle; newly upwelled water supporting
low zooplankton biomass due to paucity of food, whilst high biomasses develop in aged
upwelled water subsequent to significant development of phytoplankton. Irregular pulsing of
the upwelling system, combined with seasonal recruitment of pelagic fish species into West
Coast shelf waters during winter, thus results in a highly variable and dynamic balance between
plankton replenishment and food availability for pelagic fish species.

T P S i
b {

Figure 12: Phytoplankton (leff, photo: hymagazine.com) and zooplankton (right, photo:
mysciencebox.org) is associated with upwelling cells.

Although ichthyoplankton (fish eggs and larvae) comprise a minor component of the
overall plankton, it remains significant due to the commercial importance of the overall fishery
in the region. Various pelagic and demersal fish species are known to spawn in the inshore
regions of the southern Benguela, (including pilchard, round herring, chub mackerel lanternfish
and hakes (Crawford et al. 1987) (see Figure 13), and their eggs and larvae form an important
contribution to the ichthyoplankton in the region. Ichthyoplankton abundance in the offshore
oceanic waters of the proposed Exploration Right area are, however, expected to be low.
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3.3.3.2 Cephalopods

The major cephalopod resource in the southern Benguela are sepiods/cuttlefish (Lipinski
1992; Augustyn et al. 1995) (Table 3). Most of the cephalopod resource is distributed on the
mid-shelf with Sepia australis being most abundant at depths between 60 - 190 m, whereas
S. hieronis densities were higher at depths between 110 - 250 m. Rossia enigmatica occurs
more commanly on the edge of the shelf to depths of 500 m. Biomass of these species was
generally higher in the summer than in winter.

Cuttlefish are largely epi-benthic and occur on mud and fine sediments in association
with their major prey item; mantis shrimps (Augustyn et al. 1995). They form an important
food item for demersal fish.

Table 3: The cephalopod species occurring in the Benguela system (Lipinski 1992).
Species '
Loligo vulgaris reynaudii
Todarodes angolensis
Todarodes filippovae
Todaropsis eblanae
Lycoteuthis 2diadema
Sepia australis
Sepia hieronis
Octopus spp.
Argonauta spp.
Rossia enigmatica
Ommastrephes bartramii
Abraliopsis gilchristi
Lolliguncula mercatoris
Histioteuthis miranda

3.3.3.3 Fish

Small pelagic species include the sardine/pilchard (Sadinops ocellatus) (Figure 14, left),
anchovy (Engraulis capensis), chub mackerel (Scomber japonicus), horse mackerel (Trachurus
capensis) (Figure 14, right) and round herring (Etrumeus whiteheadi). These species typically
occur in mixed shoals of various sizes (Crawford et al. 1987), and generally occur within the
200 m contour and thus unlikely to be encountered in the proposed Exploration Right area.
Most of the pelagic species exhibit similar life history patterns involving seasonal migrations
between the west and south coasts. Apart from round herring which spawn offshore of the
shelf break on the West Coast (see Figure 13), the spawning areas of the major pelagic species
are distributed on the continental shelf extending from south of St Helena Bay to Mossel Bay on
the South Coast (Shannon & Pillar 1986). They spawn downstream of major upwelling centres
in spring and summer, and their eggs and larvae are subsequently carried around Cape Point
and up the coast in northward flowing surface waters.
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Figure 14: Cape fur seal preying on a shoal of pilchards (left). School of horse mackerel (right)
(photos: www.underwatervideo.co.za; www.delivery.superstock.com).

At the start of winter every year, juveniles of most small pelagic shoaling species recruit
into coastal waters in large numbers between the Orange River and Cape Columbine. They
recruit in the pelagic stage, across broad stretches of the shelf, to utilise the shallow shelf
region as nursery grounds before gradually moving southwards in the inshore southerly flowing
surface current, towards the major spawning grounds east of Cape Point. Recruitment success
relies on the interaction of oceanographic events, and is thus subject to spatial and temporal
variability. Consequently, the abundance of adults and juveniles of these small, short-lived (1-
3 years) pelagic fish is highly variable both within and between species.

Two species that migrate along the West Coast following the shoals of anchovy and
pilchards are snoek Thyrsites atun and chub mackerel Scomber japonicas. Their appearance
along the West and South-West coasts are highly seasonal. Snoek migrating along the southern
African West Coast reach the area between St Helena Bay and the Cape Peninsula between May
and August. They spawn in these waters between July and October before moving offshore and
commencing their return northward migration (Payne & Crawford 1989). They are voracious
predators occurring throughout the water column, feeding on both demersal and pelagic
invertebrates and fish. Chub mackerel similarly migrate along the southern African West Coast
reaching South-Western Cape waters between April and August. They move inshore in June
and July to spawn before starting the return northwards offshore migration later in the year.
Their abundance and seasonal migrations are thought to be related to the availability of their
shoaling prey species (Payne & Crawford 1989).

Large pelagic species include tunas, billfish and pelagic sharks, which migrate throughout
the southern oceans, between surface and deep waters (>300 m) and have a highly seasonal
abundance in the Benguela. Species occurring off western southern Africa include the
albacore/longfin tuna Thunnus alalunga (Figure 15, right), yellowfin T. albacares, bigeye
T. obesus, and skipjack Katsuwonus pelamis tunas, as well as the Atlantic blue marlin Makaira
nigricans (Figure 15, left), the white marlin Tetrapturus albidus and the broadbill swordfish
Xiphias gladius (Payne & Crawford 1989). The distributions of these species is dependent on
food availability in the mixed boundary layer between the Benguela and warm central Atlantic
waters. Concentrations of large pelagic species are also known to occur associated with
underwater feature such as canyons and seamounts as well as meteorologically induced oceanic
fronts (Penney et al. 1992).
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Figure 15: Large migratory pelagic fish such as blue marlin (left) and longfin tuna (right) occur in
offshore waters (photos: www.samathatours.com; www.osfimages.com).

A number of species of pelagic sharks are also known to occur on the West and South-
West Coast, including blue Prionace glauca, short-fin mako [surus oxyrinchus and oceanic
whitetip sharks Carcharhinus longimanus. Occurring throughout the world in warm temperate
waters, these species are usually found further offshore on the West Coast. Great whites
Carcharodon carcharias and whale sharks Rhincodon typus may also be encountered in coastal
and offshore areas, although the latter occurs more frequently along the South and East coasts.
Of these the blue shark is listed as “Near threatened”, and the short-fin mako, whitetip, great
white and whale sharks as “Vulnerable” on the International Union for Conservation of Nature
(IUCN).

3.3.3.4 Turtles

Three species of turtle occur along the West Coast, namely the Leatherback
(Dermochelys coriacea) (Figure 16, left), and occasionally the Loggerhead (Caretta caretta)
(Figure 16, right) and the Green (Chelonia mydas) turtle. Loggerhead and Green turtles are
expected to occur only as occasional visitors along the West Coast.

The Leatherback is the only turtle likely to be encountered in the offshore waters of west
South Africa. The Benguela ecosystem, especially the northern Benguela where jelly fish
numbers are high, is increasingly being recognized as a potentially important feeding area for
leatherback turtles from several globally significant nesting populations in the south Atlantic
(Gabon, Brazil) and south east Indian Ocean (South Africa) (Lambardi et al. 2008, Elwen &
Leeney 2011; SASTN 2011"). Leatherback turtles from the east South Africa population have
been satellite tracked swimming around the west coast of South Africa and remaining in the
warmer waters west of the Benguela ecosystem (Lambardi et al. 2008).

Leatherback turtles inhabit deeper waters and are considered a pelagic species,
travelling the ocean currents in search of their prey (primarily jellyfish). While hunting they
may dive to over 600 m and remain submerged for up to 54 minutes (Hays et al. 2004), thus
making them difficult to observe from the surface and susceptible to seismic operations. Their

! SASTN Meeting - Second meeting of the South Atlantic Sea Turtle Network, Swakopmund, Namibia, 24-30
July 2011,
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abundance in the study area is unknown but expected to be low. Breeding areas for
Leatherback turtles occur over 2,000 km to north-west of the survey area in the Republic of
Congo and Gabon.

Leatherbacks feed on jellyfish and are known to have mistaken plastic marine debris for
their natural food. Ingesting this can obstruct the gut, lead to absorption of toxins and reduce
the absorption of nutrients from their real food. Leatherback Turtles are listed as “Critically
Endangered” worldwide by the IUCN and are in the highest categories in terms of need for
conservation in CITES (Convention on International Trade in Endangered Species), and CMS
(Convention on Migratory Species). Loggerhead and green turtles are listed as “Endangered”.
As a signatory of CMS, South Africa has endorsed and signed a CMS International Memorandum
of Understanding specific to the conservation of marine turtles. South Africa is thus committed
to conserve these species at an international level.

Figure 16: Leatherback (left) and loggerhead turtles (right) occur along the West Coast of Southern
Africa (Photos: Ketos Ecology 2009; www.aquaworld-crete.com).

3.3.3.5 Seabirds

Large numbers of pelagic seabirds exploit the pelagic fish stocks of the Benguela system.
Of the 49 species of seabirds that occur in the Benguela region, 14 are defined as resident, 10
are visitors from the northern hemisphere and 25 are migrants from the southern Ocean. The
18 species classified as being common in the southern Benguela are listed in Table 4. The area
between Cape Point and the Orange River supports 38% and 33% of the overall population of
pelagic seabirds in winter and summer, respectively. Most of the species in the region reach
highest densities offshore of the shelf break (200 - 500 m depth) with highest population levels
during their non-breeding season (winter). Pintado petrels and Prion. spp. show the most
marked variation here.

14 species of seabirds breed in southern Africa; Cape Gannet (Figure 17, left), African
Penguin (Figure 17, right), four species of Cormorant, White Pelican, three Gull and four Tern
species (Table 5). The breeding areas are distributed around the coast with islands being
especially important. The number of successfully breeding birds at the particular breeding
sites varies with food abundance. Most of the breeding seabird species forage at sea with most
birds being found relatively close inshore (10-30 km). Cape Gannets, however, are known to
forage up to 140 km offshore (Dundee 2003; Ludynia 2007), and African Penguins have also
been recorded as far as 60 km offshore.
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Figure 17: Cape Gannets Morus capensis (left) (Photo: NACOMA) and African Penguins Spheniscus
demersus (right) (Photo: Klaus Jost) breed primarily on the offshore Islands.

3.3.3.6 Marine Mammals

The marine mammal fauna occurring off the west coast of South Africa, north of Cape
Columbine, include whales, dolphins and seals. South of Cape Columbine, some cetacean
species more commonly associated with warmer Agulhas current waters are known to occur.
The description below focusses on those species associated with the Benguela ecosystem
proper and the waters offshore of this.

The cetacean fauna of the West Coast comprises 28 species of whales and dolphins
known (historic sightings or strandings) or likely (habitat projections based on known species
parameters) to occur here (Table 6). The offshore areas have been particularly poorly studied
with almost all available information from deeper waters (>200 m) arising from historic whaling
records. Information on smaller cetaceans in deeper waters is particularly poor.

The distribution of whales and dolphins on the West Coast can largely be split into those
associated with the continental shelf and those that occur in deep, oceanic waters. Species
from both environments may, however, be found associated with the shelf (200 - 1,000 m),
making this the most species-rich area for cetaceans. Cetacean density on the continental
shelf is usually higher than in pelagic waters as species associated with the pelagic
environment tend to be wide-ranging across 1,000s of kilometres. The most common species
within the proposed Exploration Right area (in terms of likely encounter rate not total
population sizes) are likely to be the dusky dolphin, long finned pilot whale, southern right
whale and humpback whale.

Cetaceans comprised two basic taxonomic groups: the mysticetes (filter-feeding baleen
whales) and the odontocetes (toothed predatory whales and dolphins). Due to large
differences in their size, sociality, communication abilities, ranging behaviour and acoustic
behaviour, these two groups are considered separately.

The majority of baleen whales fall into the family Balaenidae. Those occurring in the
proposed Exploration Right area include the blue, fin, sei, minke, dwarf minke and two
populations of Bryde’s whale. Most of these species occur in pelagic waters, with only
occasional visits into shelf waters. All of these species show some degree of migration either
to, or through, the proposed Exploration Right area when en route between higher-latitude
feeding grounds (Antarctic or Subantarctic) and lower-latitude breeding grounds.
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Table 4: Pelagic seabirds common in the southern Benguela region (Crawford et al. 1991).

Common Name
Shy albatross
Black browed albatross
Yellow nosed albatross
Giant petrel sp.
Pintado petrel
Greatwinged petrel
Soft plumaged petrel
Prion spp
White chinned petrel
Cory’s shearwater
Great shearwater
Sooty shearwater
European Storm petrel
Leach’s storm petrel
Wilson’s storm petrel

Skua spp.
Sabine’s gull

Blackbellied storm petrel

Species name
Thalassarche cauta
Thalassarche melanophrys
Thalassarche chlororhynchos
Macronectes halli/giganteus
Daption capense
Pterodroma macroptera
Pterodroma mollis
Pachyptila spp.

Procellaria aequinoctialis
Calonectris diomedea
Puffinus gravis

Puffinus griseus
Hydrobates pelagicus
Oceanodroma leucorhoa
Oceanites oceanicus

Fregetta tropica

Catharacta/Stercorarius spp.

Larus sabini

Global IUCN
Near Threatened
Endangered’
Endangered
Near Threatened
Least concern
Least concern
Least concern
Least concern
Vulnerable
Least concern
Least concern
Near Threatened
Least concern
Least concern
Least concern
Least concern
Least concern
Least concern

1. May move to Critically Endangered if mortality from long-lining does not decrease.

Table 5: Breeding resident seabirds present along the West Coast (CCA & CMS 2001).

Common name

African Penguin
Great Cormorant
Cape Cormorant
Bank Cormorant
Crowned Cormorant
White Pelican
Cape Gannet
Kelp Gull
Greyheaded Gull
Hartlaub's Gull
Caspian Tern
Swift Tern
Roseate Tern
Damara Tern

Species name

Spheniscus demersus
Phalacrocorax carbo
Phalacrocorax capensis
Phalacrocorax neglectus
Phalacrocorax coronatus
Pelecanus onocrotalus
Morus capensis

Larus dominicanus

Larus cirrocephalus
Larus hartlaubii
Hydroprogne caspia
Sterna bergii

Sterna dougallii

Sterna balaenarum

Global IUCN Status

Vulnerable
Least Concern
Near Threatened
Endangered
Least Concern
Least Concern
Vulnerable
Least Concern
Least Concern
Least Concern
Vulnerable
Least Concern
Least Concern
Near Threatened
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Depending on the ultimate location of these feeding and breeding grounds, seasonality off
South Africa can be either unimodal (usually in June-August, e.g. minke and blue whales) or
bimodal (usually May-July and October-November, e.g. fin whales), reflecting a northward and
southward migration through the area. As whales follow geographic or oceanographic features,
the northward and southward migrations may take place at difference distances from the
coast, thereby influencing the seasonality of occurrence at different locations. Due to the
complexities of the migration patterns, each species is discussed in further detail below.

Two types of Bryde’s whales are recorded from South African waters - a larger pelagic
form described as Balaenoptera brydei and a smaller neritic form (of which the taxonomic
status is uncertain) but included by Best (200&) with B. brydei for the subregion. The
migration patterns of Bryde’s whales differ from those of all other baleen whales in the region.
The inshore population is unique in that it is resident year round on the Agulhas Bank, south
and east of Lambert’s Bay, and does not migrate at all. Although some movement up the west
coast in winter has been reported, sightings over the last two decades suggest that the
distribution of this population has shifted eastwards, with sightings on the West Coast very rare
compared to pre-1980s whaling records (Best 2007, 2001; Best et al. 1984). Although this is a
very small population, which is possibly decreasing in size (Penry 2010), its current distribution
implies that it is unlikely to be encountered in the proposed Exploration Right area.

The offshore population of Bryde’s whale lives off the continental shelf (>200 m depth),
and migrates between wintering grounds off equatorial West Africa (Gabon) and summering
grounds off the South African West Coast (Best 2001). Its seasonality within South African
waters is thus opposite to the majority of the balaenopterids, with abundance in the proposed
Exploration Right area likely to be highest in January-February. Information on the number of
animals in this population is lacking.

Sei whales migrate through South African waters, where they were historically hunted in
relatively high numbers, to unknown breeding grounds further north. Their migration pattern
thus shows a bimodal peak with numbers west of Cape Columbine highest in May and June, and
again in August, September and October. All whales were caught in waters deeper than 200 m
with most deeper than 1,000 m (Best & Lockyer 2002). Almost all information is based on
whaling records 1958-1963 and there is no current information on abundance or distribution
patterns in the region.

Fin whales were historically caught off the West Coast of South Africa, with a bimodal
peak in the catch data suggesting animals were migrating further north during May-June to
breed, before returning during August-October en route to Antarctic feeding grounds. Some
juvenile animals may feed year round in deeper waters off the shelf (Best 2007). There are no
recent data on abundance or distribution of fin whales off western South Africa.

Although blue whales were historically caught in high numbers off the South African West
Coast, there have been only two confirmed sightings of the species in the area since 1973
(Branch et al. 2007), suggesting that the population using the area may have been extirpated
by whaling. However, scientific search effort (and thus information) in pelagic waters is very
low. The chance of encountering the species in the proposed Exploration Right area is
considered low.
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The most abundant baleen whales off the coast of South Africa are southern right and
humpback whales (Figure 18). Southern rights migrate to the southern Africa subcontinent to
breed and calve, where they tend to have an extremely coastal distribution mainly in sheltered
bays (90% <2 km from shore; Best 1990, Elwen & Best 2004). They typically arrive in coastal
waters off the West Coast in June, building up to a maximum in September/October, with most
departing again in December (although animals may be sighted as early as April and as late as
February). On the South African West Coast they are most common south of Lambert’s Bay
(CCA & CMS 2001), although a number of the bays between Chameis Bay (27°56’S) and
Conception Bay (23°55’S) in Namibia have in recent years become popular calving sites (Currie
et al. 2009), with sightings reported as far north as the Kunene and Méwe Bay (Roux et al.
2001). The Southern Right calving season extends from late June to late October, peaking in
August (Best 1994; Roux et al. 2001), with cow-calf pairs remaining in sheltered bays for up to
two months before starting their southern migration.

The majority of humpback whales on the west coast of South Africa are migrating past
the southern African continent to breeding grounds off Angola, Republic of Congo and Gabon
(Rosenbaum et al. 2009, Barendse et al. 2010). On the West Coast it is thought that only a
small proportion of the main migration comes close inshore, the majority choosing the shortest
route to the central West African breeding grounds by following the edge of the continental
shelf (Best 2007; Best & Allison 2010). Most Humpbacks reach southern African waters around
April, continuing through to September/October when the southern migration begins and
continues through to December. The calving season for Humpbacks extends from July to
October, peaking in early August (Best 2007). Cow-calf pairs are typically the last to leave
southern African waters on the return southward migration, although considerable variation in
the departure time from breeding areas has been recorded (Barendse et al. 2010).

Figure 18: The Humpback whale Megaptera novaeangliae (left) and the Southern Right whale
Eubalaena australis (right) are the most abundant large cetaceans occurring along the
southern African West Coast (Photos: www.divephotoguide.com; www.aad.gov.au).

In the last decade, deviations from the predictable and seasonal migration patterns of
these two species have been reported from the Cape Columbine - Yzerfontein area (Best 2007;
Barendse et al. 2010). High abundances of both Southern Right and Humpback whales in this
area during spring and summer (September-February), indicates that the upwelling zones off
Saldanha and St Helena Bay may serve as an important summer feeding area (Barendse et al.
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2011, Mate et al. 2011). It was previously thought that whales feed only rarely while migrating
(Best et al. 1995), but these localised summer concentrations suggest that these whales may in
fact have more flexible foraging habits.

Best (2000) estimated that southern right population was increasing at approximately 7%
per annum. The most recent abundance estimate for the South African Southern right whale
population (2008) puts the population at approximately 4,600 individuals of all age and sex
classes, which is thought to be at least 23% of the original population size (Brandao et al.
2011). At least one third of the total South African population (between 1,033-1,577
individuals) has been estimated to use the west coast feeding ground (Peters et al. 2011),
showing the potential importance of this area for the population as a whole. Unlike the very
coastal distribution of southern rights on the south coast breeding grounds, the West Coast
whales are predominantly distributed further offshore (up to at least 200 m) when feeding in St
Helena Bay (Mate et al. 2011). Individual whales have been recorded using the area for up to
90 consecutive days (Mate et al. 2011), but also make exploratory trips northwards along the
west coast, with regular sightings in southern Namibia as late as February (S. Elwen
unpublished data).

Humpback whales off the west coast of South Africa fall into two main groups; those
passing through the area on their northward and southward migrations to equatorial breeding
grounds, and those showing temporary residence on the feeding ground in the Cape Columbine
area. There is considerable overlap between migrating and non-migrating animals in nearshore
waters and uncertainty exists about the relationship between animals (population structure)
using the South African west coast and other aggregation sites further north off West Africa
(Barendse et al. 2010). Genetic evidence shows some level of population separation between
animals off southern Africa and Gabon (Rosenbaum et al. 2009), however, photographic and
genetic matches of individual animals have been made between these two sites showing that at
least some animals use both sites, either for feeding or as a migration corridor. Humpback
whales from all west African populations are thus considered likely to pass through the
proposed Exploration Right area. Recent abundance estimates put the number of animals using
the west coast feeding area, over the period 2001-2007, at around 500 animals (Barendse et al.
2011). In contrast, in 2005 those on the Gabon breeding ground were estimated at between
5,000-6,000 animals (Collins et al. 2008). Both populations are likely to have increased in size
since these estimates were undertaken. Furthermore, the estimates were made from
geographically restricted areas, and should thus be considered as minimal. Humpback whales
migrate at various distances from the coast including pelagic waters (Barendse et al. 2002),
and as they are likely to regularly cross the proposed Exploration Right area, will probably be
the most abundant large whale encountered. As in the case of southern right whales, of
humpback seasonality off the West Coast is highest in spring and summer (September-
February), and not during the traditional winter ‘whale season’. The range of the summer
resident humpbacks extends offshore to the 200 m contour in the Cape Columbine - Yzerfontein
area with exploratory trips northwards along the coast keeping further inshore.

All information about sperm whales in the southern African subregion results from data
collected during commercial whaling activities priot to 1985 (Best 2007). Sperm whales are the
largest of the toothed whales and have a complex, well-structured social system with adult
males behaving differently from younger males and female groups. They live in deep ocean
waters, occasionally coming into depths of 200-500 m on the shelf (Best 2007). Seasonality of
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catches off the West Coast suggest that medium- and large-sized males are more abundant
during winter, while female groups are more abundant in autumn (March-April), although
animals occur year round (Best 2007). Although considered relatively abundant worldwide
(Whitehead 2002), no current data are available on density or abundance of sperm whales in
African waters. Sperm whales feed at great depth, during dives in excess of 30 minutes,
making them difficult to detect visually. The regular echolocation clicks made by the species
when diving, however, make them relatively easy to detect acoustically using Passive Acoustic
Monitoring (PAM).

There are almost no data available on the abundance, distribution or seasonality of the
smaller odontocetes (including the beaked whales and dolphins) known to occur in oceanic
waters off the shelf of west South Africa. Beaked whales are all considered to be true deep
water species usually being seen in waters in excess of 1,000-2,000 m depth (see various
species accounts in Best 2007). Their presence in the area may fluctuate seasonally, but
insufficient data exist to define this clearly.

Of the smaller odontocetes known to occur offshore, the long-finned pilot whale is likely
to be the most commonly encountered in the proposed Exploration Right area, as it is usually
associated with the shelf edge and is regularly reported by Marine Mammal Observers,
fishermen and other observers (S. Elwen pers commn). False killer whales, killer whales, and
the offshore form of the bottlenose dolphin are also likely to be encountered with some
regularity in deeper waters (Findlay et al. 1992, Best 2007).

Inshore of the 500 m isobath, dusky dolphins (Figure 19, right) are likely to be the most
frequently encountered small cetacean. This species is resident year round throughout the
Benguela ecosystem coastal waters to depths of at least 500 m (Findlay et al. 1992). Although
no information is available on the size of the population, they are regularly encountered in
nearshore waters (Elwen et al. 2010) suggesting a relatively large population of several
thousand at least. The species is very boat-friendly and will often approach vessels to bowride.

Figure 19: The endemic Benguela Dolphin Cephalorhynchus heavisidii (left) (Photo: De Beers Marine
Namibia), and Dusky dolphin  Lagenorhynchus obscurus (right) (Photo:
scottelowitzphotography.com).

Heaviside’s dolphins (Figure 19, left) are abundant in the southern Benguela, extending
from the coat to at least 200 m depth (Elwen et al. 2006; Best 2007). It is estimated that
around 10,000 animals live in the 400 km stretch of coast between Cape Town and Lambert’s
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Bay (Elwen et al. 2009). This species shows a strong diurnal movement pattern being most
abundant in nearshore waters (<2 km from shore) in the early mornings, and moving offshore at
night to feed (Elwen et al. 2006, Elwen et al. 2009). Their small group sizes and inconspicuous
behaviour when offshore, will make monitoring their presence at night very difficult.

In summary, the majority of data available on the seasonality and distribution of large
whales in the proposed Exploration Right area is largely the result of commercial whaling
activities mostly dating from the 1960s. Changes in the timing and distribution of migration
may have occurred since these data were collected due to extirpation of populations or
behaviours (e.g. migration routes may be learnt behaviours). The large whale species for
which there are current data available are the humpback and southern right whale, although
with almost all data being limited to the continental shelf. Both these species are known to
use a feeding ground around Cape Columbine with numbers here highest between September
and February, and not during winter as is common on the South Coast breeding grounds.
Whaling data indicates that several other large whale species are also most abundant on the
West Coast during this period: fin whales peak in May-July and October-November; sei whale
numbers peak in May-June and again in August-October and offshore Bryde’s whale numbers
are likely to be highest in January-February. Whale numbers on the shelf and in offshore
waters are thus likely to be highest between October and February.

Of the migratory cetaceans, the Blue, Sei and Humpback whales are listed as
“Endangered” and the Southern Right and Fin whale as “Vulnerable” in the IUCN Red Data
book. All whales and dolphins are given protection under the South African Law. The Marine
Living Resources Act, 1998 (No. 18 of 1998) states that no whales or dolphins may be harassed,
killed or fished. No vessel or aircraft may, without a permit, approach closer than 300 m to
any whale and a vessel should move to a minimum distance of 300 m from any whales if a
whale surfaces closer than 300 m from a vessel or aircraft.

The Cape fur seal (Arctocephalus pusillus pusillus) (Figure 20) is the only species of seal
resident along the west coast of Africa, occurring at numerous breeding and non-breeding sites
on the mainland and on nearshore islands and reefs (see Figure 21). Vagrant records from four
other species of seal more usually associated with the subantarctic environment have also been
recorded: southern elephant seal (Mirounga leoninas), subantarctic fur seal (Arctocephalus
tropicalis), crabeater (Lobodon carcinophagus) and leopard seals (Hydrurga leptonyx) (David
1989).

There are two Cape fur seal breeding colonies within the study area: at Kleinzee
(incorporating Robeiland), and at Bucchu Twins near Alexander Bay. The colony at Kleinzee
has the highest seal population and produces the highest seal pup numbers on the South African
Coast (Wickens 1994). The colony at Buchu Twins, formerly a non-breeding colony, has also
attained breeding status (M. Meyer, SFRI, pers. comm.). Non-breeding colonies occur south of
Hondeklip Bay at Strandfontein Point and on Bird Island at Lamberts Bay, with the McDougalls
Bay islands and Wedge Point being haul-out sites only and not permanently occupied by seals.
All have important conservation value since they are largely undisturbed at present. Seals are
highly mobile animals with a general foraging area covering the continental shelf up to 120
nautical miles offshore (Shaughnessy 1979), with bulls ranging further out to sea than females.
The timing of the annual breeding cycle is very regular occurring between November and
January. Breeding success is highly dependent on the local abundance of food, territorial bulls
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and lactating females being most vulnerable to local fluctuations as they feed in the vicinity of
the colonies prior to and after the pupping season (Oosthuizen 1991).

Figure 20: Colony of Cape fur seals Arctocephalus pusillus pusillus (Photo: Dirk Heinrich).
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Figure 21: Project - environment interaction points on the West Coast, illustrating the location of
seabird and seal colonies and resident whale populations in relation to the proposed
Exploration Right area (red polygon).
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3.4, Other Uses of the proposed Exploration Right Areas
3.4.1 Beneficial Uses

The proposed Exploration Right area is located offshore beyond the 300 m depth contour.
Other users of the offshore areas include the commercial fishing industry (see Specialist Report
on Fisheries) and marine diamond mining concession holders (see Figure 22). Recreational use
of the Exploration Right area will be negligible due to its location offshore. The coastal area
onshore of Block 2C falls within the Alexkor, De Beers Namaqualand and TransHex coastal
diamond mining areas and as public access is restricted, recreational activities along the
coastline between Hondeklipbaai and Alexander Bay is limited to the area around Port Nolloth.

The proposed Exploration Right area overlaps with a number of marine diamond mining
concession areas (Figure 22). Mining activities in De Beers Marine’s Mining Licence 3 (ML3), to
the northeast of the Exploration Right area ceased in 2010, and no deep-water diamond mining
is currently underway in the South African offshore concession areas. On the Namaqualand
coast marine diamond mining activity is restricted to nearshore, diver-assisted operations from
small, converted fishing vessels working in the a-concessions, which extend to 1,000 m offshore
of the high water mark. In Namibian waters, deep-water diamond mining by De Beers Marine
Namibia is currently operational in the Atlantic 1 Mining Licence Area. These mining
operations are typically conducted to depths of 150 m from fully self-contained mining vessels
with on board processing facilities, using either large-diameter drill or seabed crawler
technology. The vessels operate as semi-mobile mining platforms, anchored by a dynamic
positioning system, commonly on a three to four anchor spread (Figure 23). Computer-
controlled positioning winches enable the vessels to locate themselves precisely over a mining
block of up to 400 m x 400 m. These mining vessels thus have limited manoeuvrability and
other vessels should remain at a safe distance.
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Figure 22: Reserves and Marine Protected Areas on the West Coast in relation to the proposed
Exploration Right area (red polygon).
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Figure 23: Typical crawler-vessel (left) and drillship (right) operating in the Atlantic 1 Mining
Licence Area (Photos: De Beers Marine).

Other industrial uses of the marine environment include the intake of feed-water for
mariculture, or diamond-gravel treatment. None of these activities should in any way be
affected by seismic survey activities offshore.

3.3.4 Conservation Areas and Marine Protected Areas

Numerous conservation areas and a marine protected area (MPA) exist along the coastline
of the Western Cape, although none fall directly within the proposed Exploration Right area
(see Figure 19). The only conservation area east of Block 2C in which restrictions apply is the
McDougall’s Bay rock lobster sanctuary near Port Nolloth, which is closed to commercial
exploitation of rock lobsters (Figure 21).

As ‘no-take' MPAs offering protection of the Namaqua biozones (sub-photic, deep-photic,
shallow-photic, intertidal and supratidal zones) are absent northwards from Cape Columbine
(Emanuel et al. 1992, Lombard et al. 2004), marine biodiversity in the area north of Cape
Columbine has been rated as ‘critically endangered’, with commercial fishing and marine
mining primarily being held responsible for this status (Lombard et al. 2004). Impacts of these
activities are predicted to increase over the next decade and immediate conservation
intervention has been identified as a priority. To this end, a proposed National Park stretching
along 50 km of coast from just north of the Spoeg River to Island Point in the south was
gazetted in February 2004. The northern border of the park will extend offshore to the shelf
break, whereas the southern border will extend beyond the shelf-break and will include Child’s
Bank (Figure 22). The proposed Namaqualand MPA was opposed due to a lack of consultation
with industry. However, the South African National Biodiversity Institute (SANBI) is partnering
with the World Wildlife Fund (WWF) to implement an Offshore Marine Protected Areas Project,
whose principal objective is to facilitate the development of a representative Offshore MPA
network that has broad support from the various offshore marine-use.
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4. ACOUSTIC IMPACTS OF SEISMIC SURVEYS ON MARINE FAUNA

The ocean is a naturally noisy place and marine animals are continually subjected to both
physically produced sounds from sources such as wind, rainfall, breaking waves and natural
seismic noise, or biologically produced sounds generated during reproductive displays,
territorial defence, feeding, or in echolocation (see references in McCauley 1994). Such
acoustic cues are thought to be important to many marine animals in the perception of their
environment as well as for navigation purposes, predator avoidance, and in mediating social
and reproductive behaviour. Anthropogenic sound sources in the ocean can thus be expected
to interfere directly or indirectly with such activities thereby affecting the physiology and
behaviour of marine organisms (NRC 2003). Of all human-generated sound sources, the most
persistent in the ocean is the noise of shipping. Depending on size and speed, the sound levels
radiating from vessels range from 160 to 220 dB re 1 pPa at 1 m (NRC 2003). Especially at low
frequencies between 5 to 100 Hz, vessel traffic is a major contributor to noise in the world’s
oceans, and under the right conditions, these sounds can propagate 100s of kilometres thereby
affecting very large geographic areas (Coley 1994, 1995; NRC 2003; Pidcock et al. 2003). Other
forms of anthropogenic noise include 1) aircraft flyovers, 2) multi-beam sonar systems, 3)
seismic acquisition, 4) hydrocarbon and mineral exploration and recovery, and 5) noise
associated with underwater blasting, pile driving, and construction. Below follows a detailed
review of the effects of seismics on marine fauna and brief summaries of the effects of multi-
beam sonars.

4,1, Seismics

Seismic surveys are another source of anthropogenic noise. The airguns used in modern
seismic surveys produce some of the most intense non-explosive sound sources used by humans
in the marine environment (Gordon et al. 2004). However, the transmission and attenuation of
seismic sound is probably of equal or greater importance in the assessment of envircnmental
impacts than the produced source levels themselves, as transmission losses and attenuation are
very site specific, and are affected by propagation conditions, distance or range, water and
receiver depth and bathymetrical aspect with respect to the source array. In water depths of
25 - 50 m airgun arrays are often audible to ranges of 50 -75 km, and with efficient propagation
conditions such as experienced on the continental shelf or in deep oceanic water, detection
ranges can exceed 100 km and 1,000 km, respectively (Bowles et al. 1991; Richardson et al.
1995; see also references in McCauley 1994). The signal character of seismic shots also
changes considerably with propagation effects. Reflective boundaries include the sea surface,
the sea floor and boundaries between water masses of different temperatures or salinities,
with each of these preferentially scattering or absorbing different frequencies of the source
signal. This results in the received signal having a different spectral makeup from the initial
source signal. In shallow water (<50 m) at ranges exceeding 4 km from the source, signals tend
to increase in length from <30 milliseconds, with a frequency peak between 10-100 Hz and a
short rise time, to a longer signal of 0.25-0.75 seconds, with a downward frequency sweep of
hetween 200 - 500 Hz and a longer rise time (McCauley 1994; McCauley et al. 2000).

In contrast, in deep water received levels vary widely with range and depth of the exposed
animals, and exposure levels cannot be adequately estimated using simple geometric spreading
laws (Madsen et al. 2006). These authors found that the received levels fell to a minimum

(,«‘,‘\3, Pisces Environmental Services (Pty) Ltd 49



IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

between 5 - 9 km from the source and then started increasing again at ranges between 9 -
13 km, so that absolute received levels were as high at 12 km as they were at 2 km, with the
complex sound reception fields arising from multi-path sound transmission.

Acoustic pressure variation is usually considered the major physical stimulus in animal
hearing, but certain taxa are capable of detecting either or both the pressure and particle
velocity components of a sound (Turl 1993). An important component of hearing is the ability
to detect sounds over and above the ambient background noise. Auditory masking of a sound
occurs when its’ received level is at a similar level to background noise within the same
frequencies. The signal to noise ratio required to detect a pure tone signal in the presence of
background noise is referred to as the critical ratio.

The auditory thresholds of many species are affected by the ratio of the sound stimulus
duration to the total time (duty cycle) of impulsive sounds of <200 millisecond duration. The
lower the duty cycle the higher the hearing threshold usually is. Although seismic sound
impulses are extremely short and have a low duty cycle at the source, received levels may be
longer due to the transmission and attenuation of the sound (as discussed above).

Below follows a brief review of the impacts of seismic surveys on marine faunal
communities. This information is largely drawn from McCauley (1994), McCauley et al. (2000),
the Generic EMPR for Oil and Gas Prospecting off the Coast of South Africa (CCA & CMS 2001)
and the very comprehensive reviews by Cetus Projects (2007, 2008), compiled as part of the
Environmental Impact Assessment for the Ibhubesi Gas Field and the CGGVeritas surveys on the
Namibian shelf, respectively. Although the discussion and assessments focus primarily on
marine mammals and turtles, the effects on pelagic and benthic invertebrates, fish and
seabirds are also covered.

4.1.1 Impacts on Plankton

As the movement of phytoplankton and zooplankton is largely limited by currents, they are
not able to actively avoid the seismic vessel and thus are likely to come into close contact with
the sound sources. Phytoplankton are not known to be affected by seismic surveys and are
unlikely to show any significant effects of exposure to airgun impulses outside of a 1 m distance
(Kosheleva 1992; McCauley 1994).

Zooplankton comprises meroplankton (organisms which spend a portion of their life cycle
as plankton, such as fish and invertebrate larvae and eggs) and holoplankton (organisms that
remain planktonic for their entire life cycle, such as siphonophores, nudibranchs and
barnacles). The abundance and spatial distribution of zooplankton is highly variable and
dependent on factors such as fecundity, seasonality in production, tolerances to temperature,
length of time spent in the water column, hydrodynamic processes and natural mortality.
Zooplankton densities are generally low and patchily distributed. The amount of exposure to
the influence of seismic airgun arrays is thus dependent on a wide range of variables.
Invertebrate members of the plankton that have a gas-filled flotation aid, may be more
receptive to the sounds produced by seismic airgun arrays, and the range of effects may extend
further for these species than for other plankton. However, for a large seismic array, a
pathological effect out to 10 m from the array is considered a generous value with known
effects demonstrated to 5 m only (Kostyuchenko 1971).
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McCauley (1994) concludes that when compared with total population sizes or natural
mortality rates of planktonic organisms, the relative influence of seismic sound sources on
these populations can be considered insignificant. The wash from ships propellers and bow
waves can be expected to have a similar, if not greater, volumetric effect on plankton than the
sounds generated by airgun arrays.

Due to their importance in commercial fisheries, numerous studies have been undertaken
experimentally exposing the eggs and larvae of various ichthyoplankton species to airgun
sources (reviewed in McCauley 1994). These are discussed further in Section 4.3.

4.1.2 Impacts on Marine Invertebrates

Many marine invertebrates have tactile organs or hairs (termed mechanoreceptors), which
are sensitive to hydro-acoustic near-field disturbances, and some have highly sophisticated
statocysts, which have some resemblance to the ears of fishes (Offutt 1970; Hawkins & Myrberg
1983; Budelmann 1988, 1992; Packard et al. 1990; Popper et al. 2001) and are thought to be
sensitive to the particle acceleration component of a sound wave in the far-field. However,
information on hearing by invertebrates, and noise impacts on them is sparse. Although many
invertebrates cannot sense the pressure of a sound wave or the lower amplitude component of
high frequency sounds, low frequency high amplitude sounds may be detected via the
mechanoreceptors, particularly in the near-field of such sound sources (McCauley 1994).
Sensitivity to near-field low-frequency sounds or hydroacoustic disturbances has been recorded
for the lobster Homarus americanus (Offut 1970), and various other invertebrate species
(Horridge 1965, 1966; Horridge & Boulton 1967; Moore & Cobb 1986; Packard et al. 1990;
Turnpenney & Nedwell 1994).

Despite no quantitative records of invertebrate mortality from seismic sound exposure
under field operating conditions, lethal and sub-lethal effects have been observed under
experimental conditions where invertebrates were exposed to airguns up to five metres away.
These include reduced growth and reproduction rates and behavioural changes in crustaceans
(DFO 2004; McCauley 1994; McCauley et al. 2000). The effects of seismic survey energy on
snow crab (Chionoecetes opilo) on the Atlantic coast of Canada, for example ranged from no
physiological damage but effects on developing fertilized eggs at 2 m range (Christian et al.
2003) to possible bruising of the heptopancreas and ovaries, delayed embryo development,
smaller larvae, and indications of greater leg loss but no acute or longer term mortality and no
changes in embryo survival or post hatch larval mobility (DFO 2004). The ecological
significance of sub-lethal or physiological effects could thus range from trivial to important
depending on their nature.

Giant squid strandings coincident with seismic surveys have been reported (Guerra et al.
2004). Although animals showed no external damage, all had severe internal injuries (including
disintegrated muscles and unrecognisable organs) indicative of having ascended from depth too
quickly. The causative link to seismic surveys has, however, not been established with
certainty.

Behavioural responses of invertebrates to particle motion of low frequency stimulation has
been measured by numerous researchers (reviewed in McCauley 1994). Again a wide range of
responses are reported ranging from no avoidance by free ranging invertebrates (crustaceans,
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echinoderms and molluscs) of reef areas subjected to pneumatic airgun fire (Wardle et al.
2001), and no reduction in catch rates of brown shrimp (Webb & Kempf 1998), prawns (Steffe &
Murphy 1992, in McCauley, 1994) or rock lobsters (Parry & Gasson 2006) in the near-field during
or after seismic surveys.

Cephalopods, in contrast, may be receptive to the far-field sounds of seismic airguns,
although responses are unknown. Behavioural response range from attraction at 600 Hz pure
tone (Maniwa 1976), through startle responses at received levels of 174 dB re 1 pPa, to
increase levels of alarm responses once levels had reached 156 - 161 dB re 1 pPa (McCauley et
al. 2000). Based on the results of caged experiments, McCauley et al. (2000) therefore suggest
that squid would significantly alter their behaviour at an estimated 2 - 5 km from an
approaching large seismic source.

4.1.3 Impacts on Fish

Fish hearing has been reviewed by numerous authors including Popper and Fay (1973),
Hawkins (1973), Tavolga et al. (1981), Lewis (1983), Atema et al. (1988), and Fay (1988). Fish
have two different systems to detect sounds namely 1) the ear (and the otolith organ of their
inner ear) that is sensitive to sound pressure and 2) the lateral line organ that is sensitive to
particle motion. Certain species utilise separate inner ear and lateral line mechanisms for
detecting sound; each system having its own hearing threshold (Tavolga & Wodinsky 1963), and
it has been suggested that fish can shift from particle velocity sensitivity to pressure sensitivity
as frequency increases (Cahn et al. 1970, in Turl 1993).

In fish, the proximity of the swim-bladder to the inner ear is an important component in
the hearing as it acts as the pressure receiver and vibrates in phase with the sound wave.
Vibrations of the otoliths, however, result from both the particle velocity component of the
sound as well as stimulus from the swim-bladder. The resonant frequency of the swim-bladder
is important in the assessment of impacts of sounds as species with swim-bladders of a
resonant frequency similar to the sound frequency would be expected to be most susceptible
to injury. Although the higher frequency energy of received seismic impulses needs to be
taken into consideration, the low frequency sounds of seismic surveys would be most damaging
to swim-bladders of larger fish. The lateral line is sensitive to low frequency (between 20 and
500 Hz) stimuli through the particle velocity component of sound.

Most species of fish and elasmobranchs are able to detect sounds from well below 50 Hz
(some as low as 10 or 15 Hz) to upward of 500 - 1,000 Hz (Popper & Fay 1999; Popper 2003;
Popper et al. 2003), and consequently can detect sounds within the frequency range of most
widely occurring anthropogenic noises. Within the frequency range of 100 - 1,000 Hz at which
most fish hear best, hearing thresholds vary considerably (50 and 110 dB re 1 pPa). They are
able to discriminate between sounds, determine the direction of a sound, and detect
biologically relevant sounds in the presence of noise. In addition, some clupeid fish can detect
ultrasonic sounds to over 200 kHz (Popper & Fay 1999; Mann et al. 2001; Popper et al. 2004).
Fish that possess a coupling between the ear and swim-bladder have probably the best hearing
of fish species (McCauley 1994). Consequently, there is a wide range of susceptibility among
fish to seismic sounds, with those with a swim-bladder will be more susceptible to
anthropogenic sounds than those without this organ.
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Studies have shown that fish can be exposed directly to the sound of seismic survey
without lethal effects, outside of a very localised range of physiological effects. Physiological
effects of impulsive airgun sounds on fish species include swim-bladder damage (Falk &
Lawrence 1973), transient stunning (Hastings 1990, in Turnpenney & Nedwell 1994), short-term
biochemical variations in different tissues typical of primary and secondary stress response
(Santulli et al. 1999; Smith et al. 2004), and temporary hearing loss due to destruction of the
hair cells in the hearing maculae (Enger 1981; Lombarte et al. 1993; Hastings et al. 1996;
McCauley et al. 2000; Scholik & Yan 2001, 2002; McCauley et al. 2003; Popper et al. 2005;
Smith et al. 2006). Popper (2008) concludes that as the vast majority of fish exposed to
seismic sounds will in all likelihood be some distance from the source, where the sound level
has attenuated considerably, only a very small number of animals in a large population will
ever be directly killed or damaged by sounds from seismic airgun arrays.

Behavioural responses to impulsive sounds are varied and include leaving the area of the
noise source (Suzuki et al. 1980; Dalen & Rakness 1985; Dalen & Knutsen 1987; Lakkeborg 1991;
Skalski et al. 1992; Lekkeborg & Soldal 1993; Engas et al. 1996; Wardle et al. 2001; Engas &
Lokkeborg 2002; Hassel et al. 2004), changes in depth distribution (Chapman & Hawkins 1969;
Dalen 1973; Pearson et al. 1992; Slotte et al. 2004), spatial changes in schooling behaviour
(Slotte et al. 2004), and startle response to short range start up or high level sounds (Pearson
et al. 1992; Wardle et al. 2001). In some cases behavioural responses were observed at up to
5 km distance from the firing airgun array (Santulli et al. 1999; Hassel et al. 2004).
Behavioural effects are generally short-term, however, with duration of the effect being less
than or equal to the duration of exposure, although these vary between species and
individuals, and are dependent on the properties of the received sound (McCauley et al. 2000).
In some cases behaviour patterns returned to normal within minutes of commencement of
surveying indicating habituation to the noise. Disturbance of fish is believed to cease at noise
levels below 160 dB re 1pPa. The ecological significance of such effects is therefore expected
to be low, except in cases where they influence reproductive activity.

Although the effects of airgun noise on spawning behaviour of fish have not been
quantified to date, it is predicted that if fish are exposed to powerful external forces on their
migration paths or spawning grounds, they may be disturbed or even cease spawning
altogether. The deflection from migration paths may be sufficient to disperse spawning
aggregations and displace spawning geographically and temporally, thereby affecting
recruitment to fish stocks. The magnitude of effect in these cases will depend on the biology
of the species and the extent of the dispersion or deflection. Dalen et al. (1996), however,
recommended that in areas with concentrated spawning or spawning migration seismic shooting
be avoided at a distance of ~50 km from these areas.

Indirect effects of seismic shooting on fish include reduced catches resulting from changes
in feeding behaviour or vertical distribution (Skalski et al. 1992), but information on feeding
success of fish (or larger predators) in association with seismic survey noise is lacking.

The physiological effects of seismic sounds from airgun arrays will mainly affect the
younger life stages of fish such as eggs, larvae and fry, many of which form a component of the
meroplankton and thus have limited ability to escape from their original areas in the event of
various influences. Numerous studies have been undertaken experimentally exposing the eggs
and larvae of various fish species to airgun sources (Kostyuchenko 1971; Dalen & Knutsen 1987;

“=—'% pisces Environmental Services (Pty) Ltd 53



IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

Holliday et al. 1987; Booman et al. 1992; Kosheleva 1992; Popper et al. 2005, amongst others).
These studies generally identified mortalities and physiological injuries at very close range
(<5 m) only. For example, increased mortality rates for fish eggs were proven out to -5 m
distance from the air guns. A mortality rate of 40-50% was recorded for yolk sac larvae
(particularly for turbot) at a distance of 2-3 m (Booman et al. 1996), although mortality figures
for yolk sac larvae of anchovies at the same distances were lower (Holliday et al. 1987). Yolk
sac larvae of cod experienced significant eye injuries (retinal stratification) at a distance of 1
m from an air gun array (Matishov 1992), and Booman et al. (1996) report damage to brain cells
and lateral line organs at <2 m distance from an airgun array. Increased mortality rates (10-
20%) at later stages (larvae, post-larvae and fry) were proven for several species at distances of
1-2 m. Changes have also been observed in the buoyancy of the organisms, in their ability to
avoid predators and effects that affect the general condition of larvae, their growth rate and
thus their ability to survive. Temporary disorientation juvenile fry was recorded for some
species (McCauley 1994). Fish larvae with swim-bladders may be more receptive to the sounds
produced by seismic airgun arrays, and the range of effects may extend further for these
species than for others.

From a fish resource perspective, these effects may potentially contribute to a certain
diminished net production in fish populations. However, Saetre & Ona (1996) calculated that
under the "worst case" scenario, the number of larvae killed during a typical seismic survey was
0.45% of the total larvae population. When more realistic "expected values" were applied to
each parameter of the calculation model, the estimated value for killed larvae during one run
was equal to 0.03% of the larvae population. If the same larval population was exposed to
multiple seismic runs, the effect would add up for each run. For species such as cod, herring
and capelin, the natural mortality is estimated at 5-15% per day of the total population for
eggs and larvae. This declines to 1-3% per day once the species reach the 0 group stage i.e. at
approximately 6 months (Saetre & Ona 1996). Consequently, Dalen et al. (1996) concluded that
seismic-created mortality is so low that it can be considered to have an inconsequential impact
on recruitment to the populations.

4.1.4 Impacts on Seabirds

Among the marine avifauna of South African waters, it is only the diving birds, or birds
which rest on the water surface, that may be affected by the underwater noise of seismic
surveys. The African penguin (Spheniscus demersus), which is flightless and occurs along the
West Coast, would be particularly susceptible to impacts from underwater seismic noise. In
African penguins the best hearing is in the 600 Hz to 4 kHz range with the upper limit of
hearing at 15 kHz and the lower limit at 100 Hz (Wever et al. 1969). No critical ratios have,
however, been measured. Principal energy of vocalisation of African penguins was found at
<2 kHz, although some energy was measured at up to 6 kHz (Wever et al. 1969).

The continuous nature of the intermittent seismic survey pulses, however, suggest that
birds would hear the sound sources at distances where levels would not induce mortality or
injury, and consequently be able to flee an approaching sound source. Consequently, the
potential for injury to seabirds from seismic surveys in the open ocean is deemed to be low
(see also Stemp 1985, in Turnpenny & Nedwell 1994; Lacroix et al. 2003), particularly given the
extensive feeding range of the plunge-diving seabird species.

@ Pisces Environmental Services (Pty) Ltd 54



IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

4.1.5 Impacts on Turtles
The potential effects of seismic surveys on turtles include:

o Physiological injury (including disorientation) or mortality from seismic noise;
o Behavioural avoidance of seismic survey areas;

o Collision with or entanglement in towed seismic apparatus;

¢ Masking of environmental sounds and communication;

o Indirect effects due to effects on prey.

Available data on marine turtle hearing is limited, but suggest highest auditory sensitivity
at frequencies of 250 - 700 Hz, and some sensitivity to frequencies at least as low as 60 Hz
(Ridgway et al. 1969; Wever et al. 1978, in McCauley 1994; O’Hara & Wilcox, 1990; Moein-
Bartol et al. 1999). The overlap of this hearing sensitivity with the higher frequencies
produced by airguns, suggest that turtles may be considerably affected by seismic noise.

No information on physiological injury to turtle hearing could be sourced in the literature.
If subjected to seismic sounds at close range, temporary or permanent hearing impairment may
result, but it is unlikely to cause death or life-threatening injury. As with other large mobile
marine vertebrates, it is assumed that sea turtles will avoid seismic noise at levels/distances
where the noise is a discomfort. Juvenile turtles may be unable to avoid seismic sounds in the
open ocean, and consequently may be more susceptible to seismic noise,

Behavioural changes in response to anthropogenic sounds have been reported for some sea
turtles. Controlled exposure experiments on captive turtles found an increase in swim speed
and erratic behaviour indicative of avoidance, at received airgun sound levels of 166 - 176 dB
re 1 yPa (O'Hara & Wilcox 1990; McCauley et al. 2000). Sounds of frequency of 250 and 500 Hz
resulted in a startle response from a loggerhead turtle (Lenhardt et al. 1983, in McCauley
1994), and avoidance by 30 m of operating airguns where the received level would have been
in the order of 175 - 176 dB re 1 pPa (O’Hara 1990). McCauley (1994), however, pointed out
that these results may have been influenced by echo associated with the shallow environment
in which the test was undertaken.

Further trials carried out on caged loggerhead and green turtles include those of Moein et
al. (1994) and McCauley et al. (2000), who investigated responses to airgun impulses by
measuring avoidance behaviour, physiological response and electroencephalogram
measurements of hearing capability. Results indicated that significant avoidance response
occurred at received levels ranging between 172 and 176 dB re 1 pPa at 24 m, and repeated
trails several days later suggest either temporary reduction in hearing capability or habituation
with repeated exposure. Hearing however returned after two weeks (Moein et al. 1994;
McCauley et al. 2000). McCauley et al. (2000) reported that above levels of 166 dB re 1 pPa
turtles increased their swimming activity compared to periods when airguns were inactive.
Above 175 dB re 1 pPa turtle behaviour became more erratic possibly reflecting an agitated
behavioural state at which unrestrained turtles would show avoidance response by fleeing an
operating sound source. These would correspond to distances of 2 km and 1 km from a seismic
vessel operating in 100 - 120 m of water, respectively.

Observations of marine turtles during a ten-month seismic survey in deep water (1,000-
3,000 m) off Angola found that turtle sighting rate during guns-off (0.43 turtles/h) was double
that of full-array seismic activity (0.20/h) (Weir 2007). In contrast, Parente et al. (2006),
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working off Brazil found no significant differences in turtle sightings with airgun state. Weir
(2007) notes that while her results are suggestive of avoidance of airguns by turtles, they
should be treated with caution since a large proportion of the sightings occurred during
unusually calm conditions and during peak diurnal abundance of turtles when the airguns were
inactive. While there was indication that turtles occurred closer to the source during guns-off
than full-array, there was no significant difference in the median distance of turtle sightings
from the airguns during full-array or guns-off, suggesting a lack of movement away from active
airguns. It is thus possible that during deep water surveys turtles only detect airguns at close
range or are not sufficiently mobile to move away from approaching airgun arrays (particularly
if basking for metabolic purposes when they may be slow to react) (Weir 2007). This is in
marked contrast to previous assessments that assumed that the impact of seismic noise on
behaviour of adult turtles in the open ocean environment is of low significance given the
mobility of the animals (CSIR 1998; CCA & CMS 2001). In the study by Weir (2007) a confident
assessment of turtle behaviour in relation to seismic status was hindered, however, by the
apparent reaction of individual animals to the survey vessel and towed equipment rather than
specifically to airgun sound. As these reactions occurred at close range (usually <10 m) to
approaching objects, they appeared to be based principally on visual detection (Weir 2007).

Although collisions between turtles and vessels are not limited to seismic ships, the large
amount of equipment towed astern of survey vessels does increase the potential for collision,
or entrapped within seismic equipment and towed surface floats. Basking turtles are
particularly slow to react to approaching objects may not be able to move rapidly away from
approaching airguns even if motivated to do so. In the past, almost all reported turtle
entrapments have been associated with the tail buoy; the large float attached to the end of
each seismic cable, which is used to monitor the location of the cable. The tail buoys have a
subsurface structure (‘'undercarriage'’) consisting of a 'twin-fin' design, which is primarily used
for counter-balancing the upper structure to ensure stability in the water. Towing points are
located on the leading edge of each side of the undercarriage, and these are attached by
chains to a swivel leading to the end of the seismic cable (Ketos Ecology 2009). It is thought
that entrapment occurs either as a result of 'startle diving' in front of towed equipment or
following foraging on barnacles and other organisms growing along seismic cables and surfacing
to breathe immediately in front of the tail buoy (primarily loggerhead and Olive Ridley turtles).
In the first case the turtle becomes stuck within the angled gap between the chains and the
underside of the buoy, lying on their sides across the top of the chains and underneath the
float with their ventral surface facing the oncoming water thereby causing the turtle to be held
firmly in position (Figure 24, left). Depending on the size of the turtle, they can also become
stuck within the gap below a tail buoy, which extends to 0.8 m below water level and is -0.6 m
wide. The animal would need to be small enough to enter the gap, but too big to pass all the
way through the undercarriage. Furthermore, the presence of the propeller in the
undercarriage of some buoy-designs prohibits turtles that have entered the undercarriage from
travelling out of the trailing end of the buoy (Figure 24, right). Once stuck inside or in front of
a tail buoy, the water pressure generated by the 4-5 knot towing speed, would hold the animal
against/inside the buoy with little chance of escape due to the angle of its body in relation to
the forward movement of the buoy. For a trapped turtle this situation will be fatal, as it will
be unable to reach the surface to breathe (Ketos Ecology 2009). To prevent entrapment, the
seismic inductry has implemented the use of “turtle guards” on all tailbuoys.
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Breeding adults of sea turtles undertake large migrations between their nesting sites and
distant foraging areas. Although Lenhardt et al. (1983) speculated that turtles may use
acoustic cues for navigation during migrations, information on turtle communication is lacking.
The effect of seismic noise in masking environmental cues such as surf noise (150-500 Hz),
which overlaps the frequencies of optimal hearing in turtles (McCauley 1994), is unknown and
speculative.

Figure 24: Turtles commonly become trapped in front of the undercarriage of the tail buoy in the
area between the buoy and the towing chains (left), and inside the ‘twin-fin'
undercarriage structure (right) (Ketos Ecology 2009).

4.1.6 Impacts on Seals

The Cape fur seal forages over the continental shelf to depths of over 200 m and would
consequently be expected to occur within the proposed seismic survey area.

Underwater behavioural audiograms have been obtained for two species of Otariidae (sea
lions and fur seals), but no audiograms have been measured for Cape fur seals. Extrapolation
of these audiograms to below 100 Hz would result in hearing thresholds of approximately 140-
150 dB re 1 pPa for the California sea lion and well above 150 dB re 1 pPa for the Northern fur
seal. The range of greatest sensitivity in fur seals lies between the frequencies of 2-32 kHz
(McCauley 1994). Underwater critical ratios have been measured for two northern fur seals
and averaged ranged from 19 dB at 4 kHz to 27 dB at 32 kHz. The audiograms available for
otariid pinnipeds suggest they are less sensitive to low frequency sounds (<1 kHz) than to
higher frequency sounds (>1 kHz). The range of low frequency sounds (30-100 Hz) typical of
seismic airgun arrays thus falls below the range of greatest hearing sensitivity in fur seals. This
generalisation should, however, be treated with caution as no critical ratios have been
measured for Cape fur seals.

Seals produce underwater sounds over a wide frequency range, including low frequency
components. Although no measurement of the underwater sounds have been made for the
Cape fur seal, such measurements have been made for a con-generic species Arctocephalus
philippii, which produced narrow-band underwater calls at 150 Hz. Aerial calls of seals range
up to 6 Hz, with the dominant energy in the 2-4 kHz band. However, these calls have strong
tonal components below 1 kHz, suggesting some low frequency hearing capability and therefore
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some susceptibility to disturbance from the higher frequency components of seismic airgun
sources (Goold & Fish 1998; Madsen et al. 2006).

The potential impact of seismic survey noise on seals could include physiological injury to
individuals, behavioural avoidance of individuals (and subsequent displacement from key
habitat), masking of important environmental or biological sounds and indirect effects due to
effects on predators or prey.

The physiological effects of loud low frequency sounds on seals are not well documented,
but include cochlear lesions following rapid rise time explosive blasts (Bohne et al. 1985; 1986,
in McCauley 1994), temporary threshold shifts (TTS) following exposure to octave-band noise
(frequencies ranged from 100 Hz to 2000 Hz, octave-band exposure levels were approximately
60-75 dB, while noise-exposure periods lasted a total of 20-22 min) (Kastak et al. 1999), with
recovery to baseline threshold levels within 24 h of noise exposure.

Using measured discomfort and injury thresholds for humans, Greenlaw (1987) modelled
the pain threshold for seals and sea lions and speculated that this pain threshold was in the
region of 185 - 200 dB re 1 pPa. The impact of physiological injury to seals from seismic noise
is deemed to be low as it is assumed that highly mobile creatures such as fur seals would avoid
severe sound sources at levels below those at which discomfort occurs. However, noise of
moderate intensity and duration may be sufficient to induce TTS under water in pinniped
species (Kastak et al. 1999). Reports of seals swimming within close proximity of firing airguns
should thus be interpreted with caution in terms of the impacts on individuals as such
individuals may well be experiencing hearing threshold shifts.

Information on the behavioural response of fur seals to seismic exploration noise is lacking
(Richardson et al. 1995; Gordon et al. 2004). Reports of studies conducted with Harbour and
Grey seals include initial startle reaction to airgun arrays, and range from partial avoidance of
the area close to the vessel (within 150 m) (Harris et al. 2001) to fright response (dramatic
reduction in heart rate), followed by a clear change in behaviour, with shorter erratic dives,
rapid movement away from the noise source and a complete disruption of foraging behaviour
(Gordon et al. 2004). In most cases, however, individuals quickly reverted back to normal
behaviour once the seismic shooting ceased and did not appear to avoid the survey area. Seals
seem to show adaptive responses by moving away from airguns and reducing the risk of
sustaining hearing damage. Potential for long-term habitat exclusion and foraging disruption
over longer periods of exposure (i.e. during full-scale surveys conducted over extended
periods) is however a concern.

Cape fur seals generally appear to be relatively tolerant to noise pulses from underwater
explosives, which are probably more invasive than the slower rise-time seismic sound pulses.
There are also reports of Cape fur seals approaching seismic survey operations and individuals
biting hydrophone streamers (CSIR 1998). This may be related to their relative insensitivity to
sound below 1 kHz and their tendency to swim at or near the surface, exposing them to
reduced sound levels. It has also been suggested that this attraction is a learned response to
towed fishing gear being an available food supply.
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4.1,7 Impacts on Whales and Dolphins

The cetaceans comprise baleen whales (mysticetes) and toothed whales and dolphins
(odontocetes). Whilst the majority of baleen whales are migratory, the majority of dolphins
and small toothed whales are resident.

The potential impact of seismic survey noise on cetaceans includes a) physiological injury
to individuals, b) behavioural disturbance (and subsequent displacement from key habitat), c)
masking of important environmental or biological sounds, or d) effects due to indirect effects
on prey. Reactions of cetaceans to anthropogenic sounds have been reviewed by McCauley
(1994), Richardson et al. (1995), Gordon & Moscrop (1996) and Perry (1998). More recently
reviews have focused specifically on the effects of sounds from seismic surveys on marine
mammals (DFO 2004; NRC 2005; Nowacek et al. 2007; Southall et al. 2007; Abgrall et al. 2008,
amongst others),

Cetacean vocalisations

Cetaceans are highly reliant on acoustic channels for orientation in their environment,
feeding and social communication (Tyack & Clark 2000). Baleen whales produce a wide
repertoire of sounds ranging in frequencies from 12 Hz to 8 kHz (Richardson et al. 1995).
Vocalisations may be produced throughout the year (Dunlop et al. 2007; Mussoline et al. 2012;
Vu et al. 2012), with peaks in call rates during breeding seasons in some species, most notably
humpback whales (Winn & Winn 1978). Odontocetes produce a spectrum of vocalizations
including whistles, pulsed sounds and echolocation clicks (Popper 1980). Whistles play a key
role in social communication, they are concentrated in the 1-30 kHz frequency range but may
extend up to 75 kHz (Samarra et al. 2010) and contain high frequency harmonics (Lammers et
al. 2003). The characteristics of burst pulsed sounds are highly variable, concentrated in the
mid frequency for killer whales (Richardson et al. 1995), but extending well into the ultrasonic
frequency range for other dolphin species (Lammers et al. 2003). Clicks are high intensity,
short sounds associated with orientation and feeding. The frequency composition of
echolocation clicks varies with species. Most delphinids produce broad band echolocation
clicks with frequencies which extend well up into the ultra-sonic range > 100 kHz (Richardson
et al. 1995). Sperm whales produce communication clicks with energy below 5 kHz (Madsen
2002) and ‘usual’ echolocation clicks reaching up to 30 kHz in frequency (Backus & Schevill
1966; Madsen et al. 2002). Neonatal sperm whales produce lower frequency sounds at 300-
1700 Hz (Madsen et al. 2003). Porpoise, Kogia and dolphins in the genus Cephalorhynchus
(including the Heaviside's dolphin) produce characteristic narrow band, high frequency (NBHF)
echolocation clicks with a central frequency around 125 kHz (Madsen et al. 2005a; Morisaka et
al, 2011). Beaked whales produce low frequency sounds (Richardson et al. 1995) and mid
frequency echolocation clicks, burst pulse vocalisations and frequency modulated pulses with
energy concentrated at 10 kHz and above (Madsen et al. 2005b; Rankin et al. 2011). Although
most odontocete vocalizations are predominantly in mid and high frequency bands, there are
recent descriptions of dolphins producing low frequency moans (150-240 Hz) and low frequency
modulated tonal calls (990 Hz) (van der Woude 2009; Simrad et al. 2012), the function of
which remains unclear but may be related to social behaviours.
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Cetacean hearing

Cetacean hearing has received considerable attention in the international literature, and
available information has been reviewed by several authors including Popper (1980), Fobes &
Smock (1981), Schusterman (1981), Ridgway (1983), Watkins & Wartzok (1985), Johnson (1986),
Moore & Schusterman (1987) and Au (1993).

Marine mammals as a group have wide variations in ear anatomy, frequency range and
amplitude sensitivity. The hearing threshold is the amplitude necessary for detection of a
sound and varies with frequency across the hearing range (Nowacek et al. 2007). Considerable
differences also exist between the hearing sensitivities of baleen and toothed whales and
dolphins and between individuals, resulting in different levels of sensitivity to sounds at varying
frequencies. For most species the best frequency sensitivity corresponds closely to the
frequencies at which they vocalise. Baleen whales appear to vocalise at low frequencies
producing a rich and complex range of underwater sounds ranging from about 12 Hz to 8 kHz.
In contrast, small odontocetes vocalise at far higher frequencies producing a wide range of
whistles, clicks, pulsed sounds and echolocation clicks. The frequency range of toothed whale
sounds excluding echo location clicks are mostly <20 kHz with most of the energy typically
around 10 kHz, although some calls may be as low as 100 to 900 Hz. Consequently, baleen
whale hearing is centred at below 1 kHz (Fleischer 1976, 1978; Norris & Leatherwood 1981),
while toothed whale and dolphin hearing is centred at frequencies of between 10 and 100 kHz
(Richardson et al.1995).

The factors that affect the response of marine mammals to sounds in their environment
include the sound level and other properties of the sound, the physical and behavioural state of
the animal and its prevailing acoustic characteristics, and the ecological features of the
environment in which the animal encounters the sound. The responses of cetaceans to noise
sources are often also dependent on the perceived motion of the sound source, as well as the
nature of the sound itself. For example, many whales are more likely to tolerate a stationary
source than they are one that is approaching them (Watkins 1986; Leung-Ng & Leung 2003), or
are more likely to respond to a stimulus with a sudden onset than to one that is continuously
present (Malme et al. 1985).

Behavioural and electrophysical audiograms are available for several species of small- to
medium-sized toothed whales (killer whale: Hall & Johnson 1972; Bain et al. 1993, false killer
whale: Thomas et al. 1988, bottlenose dolphins: Johnson 1967, beluga: White et al. 1978;
Awbrey et al. 1988, Harbour porpoise: Andersen 1970, Chinese river dolphin: Ding Wang et al.
1992 and Amazon river dolphin: Jacobs & Hall 1972; Risso’s dolphin: Nachtigall et al. 1995,
1996, Harbour porpoise: Lucke et al. 2009). In these species, hearing is centered at
frequencies between 10 and 100 kHz (Richardson et al.1995). The high hearing thresholds at
low frequency for those species tested implies that the low frequency component of seismic
shots (10 - 300 Hz) will not be audible to the small to medium odontocetes at any great
distance. However, the higher frequency of an airgun array shot, which can extend to 15 kHz
and above (Madsen et al. 2006) may be audible from tens of kilometres away, due to the very
low sensitivity thresholds of many toothed whales at frequencies exceeding 1 kHz, Although
the match is poor, overlap nonetheless exists between the frequency spectra of seismic shots
and the hearing threshold curve with frequency for some toothed whale species, suggesting
that these may react to seismic shots at long ranges, but that hearing damage from seismic
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shots is only likely to occur at close range. They will thus not be affected as severely as many
fish, and possibly sea turtles and baleen whales that have their greatest hearing sensitivity at
low frequencies (McCauley 1994).

No psycho-acoustical or electrophysical work on the sensitivity of baleen whales to sound
has been conducted (Richardson et al., 1995) and hypotheses regarding the effects of sound in
baleen whales are extrapolations from what is known to affect odontocetes or other marine
mammals and from observations of behavioural responses. A partial response “audiogram”
exists for the gray whale based on the avoidance of migrating whales to a pure tone source
(Dahlheim & Ljungblad 1990). Frankel et al. (1995, in Perry 1998) found humpback whales in
the wild to detect sounds ranging from 10 Hz to 10 kHz at levels of 102 to 106 dB re 1 pPa.
Blue whales reduce calling in the presence of mid-frequency sonar (1-8 kHz) providing evidence
that they are receptive to sound in this range (Melcén et al. 2012). Based on the low
frequency calls produced by larger toothed whales, and anatomical and paleaontological
evidence for baleen whales, it is predicted that these whales hear best in the low frequencies
(Fleischer 1976, 1978; McCauley 1994) with hearing likely to be most acute below 1 kHz
(Fleischer 1976, 1978; Norris & Leatherwood 1981). The available information demonstrates
that the larger toothed whales and baleen whales will be very receptive to the sound produced
by seismic airgun arrays and consequently this group may be more affected by this type of
disturbance than toothed whales (Nowacek et al. 2007).

Physiological injury

Exposure to high sound levels can result in physiological injury to cetaceans through a
number of avenues, including shifts of hearing thresholds (as either permanent (PTS) or
temporary threshold shifts (TTS)) (Richardson et al. 1995; Au et al. 1999; Schlundt et al. 2000;
Finneran et al. 2000, 2001, 2003), tissue damage (Lien et al. 1993; Ketten et al. 1993),
acoustically induced decompression sickness particularly in beaked whales (Crum & Mao 1996;
Cox et al. 2006), and non-auditory physiological effects including elevated blood pressures,
increased heart and respiration rates, and temporary increases in blood catecholamines and
glucocorticoids (Bowles & Thompson 1996), which may have secondary impacts on
reproduction. Most studies conducted on sound-related injuries in cetaceans, however,
investigated the effects of explosive pulses (Bohne et al. 1985, 1986; Lien et al. 1993; Ketten
et al. 1993) and mid-frequency sonar pulses (Simmonds & Lopez-Jurado 1991; Crum & Mao
1996; Frantzis 1998; Balcomb & Claridge 2001; Evans & England 2001; Jepson et al. 2003; Cox
et al. 2006), and the results are thus not directly applicable to non-explosive seismic sources
such as those from airgun arrays.

Noise induced stress resulting from exposure to sources of marine sound can cause
detrimental changes in blood hormones, including cortisol (Romano et al. 2004). However,
quantifying stress caused by noise in wild populations is difficult as it is not possible to
determine the physiological responses of an animal to a noise stressor based on behavioural
observations alone (Wright et al. 2007). The timing of the stressor relative to seasonal feeding
and breeding cycles (such as those observed in migrating baleen whales) may also influence the
degree of stress induced by noise exposure (Tyack 2008)

There are no data on received levels that would induce permanent threshold shifts (PTS) in
cetaceans, although Richardson et al. (1995) speculated that very prolonged exposure to noise

@ Pisces Environmental Services (Pty) Ltd 61



IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

levels of about 120 dB re 1pPa may induce PTS in beluga whales. Gradual PTS in marine
mammals is highly unlikely to occur from seismic surveys. However, permanent hearing
damage does not always develop gradually, but may result from brief exposure to high sound
levels. Experiments to induce threshold shifts have only recently been conducted on captive
marine mammals (Au et al. 1999; Schlundt et al. 2000, Finneran et al. 2000, 2001, 2002, 2003).
Temporary threshold shifts (TTS) became evident at received levels of 194 - 201 dB re 1 pPa at
3 kHz, 193-196 dB at 20 kHz and 192-194 dB at 75 kHz in a bottlenose dolphin exposed to 1-
second pulses underwater. However, the relatively long 1-second pulse that elicited the TTS
response supplies considerably more energy to the water column than a very much shorter
seismic pulse. Finneran et al. (2003) found a 226 dB re 1 pPa (peak) was required to create TTS
in a beluga, and no TTS was observed in a dolphin at up to 230 dB (peak) using a water gun.
Airgun stimuli played back to harbor porpoise (a NBHF species with similar vocal characteristics
and body size to Heaviside's dolphin) generated a TTS in the 4 kHz band at a received sound
pressure level of 199.7 dbp.px re 1 pPa and a sound exposure level of of 164.3 dB re 1 _Pa’s.
Avoidance of the sound source was also observed (Luke et al. 2009). Based on statistical
simulations accounting for uncertainty in the available data and variability in individual hearing
thresholds, Gedamke et al. (2011) conclude that the possibility of seismic activity leading to
TTS in baleen whales must be considered at distances up to several kilometers. As cetaceans
are highly reliant on sound, hearing damage leading to TTS and PTS are likely to result in a
reduction in foraging efficiency, reproductive potential, social cohesion and ability to detect
predators (Weilgart 2007).

Overlap between the frequency spectra of seismic shots and the hearing threshold curve
with frequency for some toothed whale species, suggests that these may react to seismic shots
at long ranges, but that hearing damage from seismic shots is only likely to occur at close
range. They will thus not be affected as severely as many fish, and possibly sea turtles and
baleen whales that have their greatest hearing sensitivity at low frequencies (McCauley 1994).
Richardson et al. (1995) speculated that the Damage Risk Criteria (DRC) (i.e. the tolerable
limits for noise exposure) for a marine mammal exposed to 100 seismic pulses might be in the
order of 178 - 208 dB re 1pPa. They note, however, that as the duration of peak pressure is
less than 200 ms, hearing damage is unlikely unless peak to peak pressure is several dB above
these.

Behavioural disturbance

Typical behavioural response in cetaceans to seismic airgun noise include initial startle
responses (Malme et al. 1985; Ljungblad et al. 1988; McCauley et al. 2000), changes in
surfacing behaviour (Ljungblad et al. 1988; Richardson et al. 1985a; McCauley et al. 1996,
2000), shorter dives (Ljungblad et al. 1988), changes in respiration rate (Ljungblad et al. 1988;
Richardson et al. 1985, 1986; Malme et al. 1983, 1985,1986), slowing of travel (Malme et al.
1983, 1984), and changes in vocalisations (McDonald et al. 1993, 1995) and call rate (Di lorio &
Clarke 2010). These subtle changes in behavioural measures are often the only observable
reaction of whales to reception of anthropogenic stimuli, and there is no evidence that these
changes are biologically significant for the animals (see for example McCauley 1994). Possible
exceptions are impacts at individual (through reproductive success) and population level
through disruption of feeding within preferred areas (as reported by Weller et al. (2002) for
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Western gray whales). For continuous noise, whales begin to avoid sounds at exposure levels of
110 dB, and more than 80% of species observed show avoidance to sounds of 130 dB. For
seismic noise, most whales show avoidance behaviour above 160 dB (Malme et al. 1983, 1984;
Ljungblad et al. 1988; Pidcock et al. 2003). Behavioural responses are often evident beyond
5 km from the sound source (Ljungblad et al. 1988; Richardson et al. 1986, 1995), with the
most marked avoidance response recorded by Kolski and Johnson (1987) who reported bowhead
whales swimming rapidly away from an approaching seismic vessel at a 24 km distance.

In an analysis of marine mammals sightings recorded from seismic survey vessels in United
Kingdom waters Stone (2003) reported that responses to large gun seismic activity varied
between species, with small odontocetes showing the strongest avoidance response. Responses
of medium and large odontocetes (killer whales, pilot whales and sperm whales) were less
marked, with sperm whales showing no observable avoidance effects (see also Rankin & Evans
1998; Davis et al. 2000; Madsen et al. 2006). Baleen whales showed fewer responses to seismic
survey activity than small odontocetes, and although there were no effects observed for
individual baleen whale species, fin and sei whales were less likely to remain submerged during
firing activity. All baleen whales showed changes in behavioural responses further from the
survey vessel (see also Ljungblad et al. 1988; McCauley 2000; Abgrall et al. 2008), and both
orientated away from the vessel and altered course more often during shooting activity. The
author suggests that different species adopt different strategies in response to seismic survey
disturbance, with faster smaller odontocetes fleeing the survey area (e.g. Weir 2008), while
larger slower moving baleen whales orientate away from and move slowly from the firing guns,
possibly remaining on the surface as they do so (see also Richardson et al. 1985a, 1985b, 1986,
1995). Responses to small airguns were less, and although no difference in distance to firing
and non-firing small airguns were recorded, there were fewer sightings of small odontocetes in
association with firing airguns. Other reports suggest that there is little effect of seismic
surveys on small odontocetes such as dolphins, as these have been reported swimming near
operating seismic vessels (Duncan 1985; Evans & Nice 1996; Abgrall et al. 2008; but see also
Schlundt et al. 2000).

McCauley et al. (1996, 2000) found no obvious evidence that humpback whales were
displaced by 2D and 3D seismic surveys and no apparent gross changes in the whale’s migratory
path could be linked to the seismic survey. Localised avoidance of the survey vessel during
airgun operation was however noted. Whales which are not migrating but using the area as a
calving or nursery ground may be more seriously affected through disturbance of suckling or
resting, Potential avoidance ranges of 7-12 km by nursing animals have been suggested,
although these might differ in different sound propagation conditions (McCauley et al. 2000).
Disturbance of mating behaviour (which could involve a high degree of acoustic selection) by
seismic noise could be of consequence to breeding animals.

The speed of sound increases with increasing temperature, salinity and pressure
(Richardson et al. 1995) and stratification in the water column affects the rate of propagation
loss of sounds produced by an airgun array. As sound travels, acoustic shadow and convergence
zones may be generated as sound is refracted towards areas of slower sound speed. These can
lead to areas of high and low noise intensity (shadow zones) so that exposure to different pulse
components at distances of 1-13 km from the seismic source does not necessarily lessen
(attenuate) with increasing range. In some cases this can lead to received levels at 12 km
being as high as those at 2 km (Madsen et al. 2006). Depending on the propagation conditions
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of the water column, animals may need to move closer to the sound source or apply vertical
rather than horizontal displacement to reduce their exposure. Although such movement may
reduce received levels in the short-term it may prolong the overall exposure time and
accumulated sound exposure level (SEL) (Madsen et al. 2006).

Masking of important environmental or biological sounds

Potential interference of seismic emissions with acoustic communication in cetaceans
includes direct masking of the communication signal, temporary or permanent reduction in the
hearing capability of the animal through exposure to high sound levels or limited
communication due to behavioural changes in response to the seismic sound source. Baleen
whales generally appear to vocalise almost exclusively within the frequency range of the
maximum energy of seismic sounds, while toothed whales vocalise at much higher frequencies,
and it is likely that clicks are not masked by seismic survey noise (Goold & Fish 1998).
However, due to multi-path propagation, receivers (cetaceans) can be subject to several
versions of each airgun pulse, which have very different temporal and spectral properties
(Madsen et al. 2006). High frequency sound is released as a by-product of airgun firing and this
can extend into the mid- and high-frequency range (up to and exceeding 15 kHz) so that the
potential for masking of these sound sources should be also considered (Madsen et al. 2006).

Indirect effects on prey species

The majority of baleen whales will undertake little feeding within breeding ground waters
and rely on blubber reserves during their migrations. Although the fish and cephalopod prey of
toothed whales and dolphins may be affected by seismic surveys, impacts will be highly
localised and small in relation to the feeding ranges of cetacean species.
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5., ASSESSMENT OF ACOUSTIC IMPACTS ON MARINE FAUNA
5.1. Assessment Procedure

The following convention was used to determine significance ratings in the assessment:

Rating

Extent - defines the physical extent or spatial scale of the impact

Definition of Rating

Local Extending only as far as the activity, limited to the site and its immediate
surroundings
Regional Limited to the South African West Coast
National Limited to the coastline of South Africa
International Extending beyond the borders of South Africa
Duration - the time frame over which the impact will be experienced
Short-term 0 - 5 years
Medium-term 6 - 15 years
Long-term Where the impact would cease after the operational life of the activity,
either because of natural processes or by human intervention
Permanent Where mitigation either by natural processes or by human intervention

would not occur in such a way or in such time span that the impact can be
considered transient

Intensity - establishes whether the magnitude of the impact is destructive or benign in relation
to the sensitivity of the receiving environment

Zero - Very Low

Where natural environmental functions and processes are not affected

Low Where the affected environment is altered, but natural functions and
processes continue, albeit in a slightly modified way
Medium Where the affected environment is altered, but natural functions and
processes continue, albeit in a modified way
High Where environmental functions and processes are altered to the extent

that they temporarily or permanently cease

Using the core criteria above, the significance of the impact is determined:

Significance - attempts to evaluate the importance of a particular impact, and in doing so

incorporates extent, duration and intensity
VERY HIGH Impacts could be EITHER:
of high intensity at a regional level and endure in the long term;
OR of high intensity at a national level in the medium term;
OR of medium intensity at a national level in the long term.
HIGH Impacts could be EITHER:

of high intensity at a regional level enduring in the medium term;

OR of high intensity at a national level in the short term;

OR of medium intensity at a national level in the medium term;
OR of low intensity at a national level in the long term;

OR of high intensity at a local level in the long term;

OR of medium intensity at a regional level in the long term.
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Significance - attempts to evaluate the importance of a particular impact, and in doing so
incorporates extent, duration and intensity

MEDIUM Impacts could be EITHER:
of high intensity at a local level and endure in the medium term;
OR of medium intensity at a regional level in the medium term;
OR of high intensity at a regional level in the short term;
OR of medium intensity at a national level in the short term;
OR of medium intensity at a local level in the long term;
OR of low intensity at a national level in the medium term;
OR of low intensity at a regional level in the long term.
LOW Impacts could be EITHER
of low intensity at a regional level, enduring in the medium term;
OR of low intensity at a national level in the short term;
OR of high intensity at a local level and endure in the short term;
OR of medium intensity at a regional level in the short term;
OR of low intensity at a local level in the long term;
OR of medium intensity at a local level, enduring in the medium term.
VERY LOW Impacts could be EITHER
of low intensity at a local level and endure in the medium term;
OR of low intensity at a regional level and endure in the short term;
OR of low to medium intensity at a local level, enduring in the short
term.
INSIGNIFICANT Impacts with:
Zero to Very Low intensity with any combination of extent and
duration.
UNKNOWN Where it is not possible to determine the significance of an impact.

Status of the Impact - describes whether the impact would have a negative, positive or zero
effect on the affected environment

Positive The impact benefits the environment
Negative The impact results in a cost to the environment
Neutral The impact has no effect

Probability - the likelihood of the impact occurring

Improbable Possibility very low either because of design or historic experience
Probable Distinct possibility
Highly Probable Most likely
Definite Impact will occur regardless of preventive measures

Degree of confidence in predictions - in terms of basing the assessment on available
information and specialist knowledge

Low Less than 35% sure of impact prediction.
Medium Between 35% and 70% sure of impact prediction.
High Greater than 70% sure of impact prediction
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Additional criteria to be considered, which could “increase” the significance rating are:

o Permanent / irreversible impacts (as distinct from long-term, reversible impacts);
o Potentially substantial cumulative effects; and
o High level of risk or uncertainty, with potentially substantial negative consequences.

Additional criteria to be considered, which could “decrease” the significance rating are:

e Improbable impact, where confidence level in prediction is high.

The relationship between the significance ratings after mitigation and decision-making can be
broadly defined as follows:

Significance after Mitigation - considering changes in intensity, extent and duration after
mitigation and assuming effective implementation of mitigation measures

Very Low; Low Will not have an influence on the decision to proceed with the proposed
project, provided that recommended measures to mitigate negative
impacts are implemented.

Medium Should influence the decision to proceed with the proposed project,
provided that recommended measures to mitigate negative impacts are
implemented.

High; Very High Would strongly influence the decision to proceed with the proposed
project.

5.2, Impacts of Seismic Survey
5.2.1 Impacts to Plankton

Potential impacts of seismic pulses on plankton and fish eggs and larvae would include
mortality or physiological injury in the immediate vicinity of the airgun sound source. Impacts
would thus be of high intensity at very close range (<5 m from the airguns) only, and no more
significant than the effect of the wash from ships propellers and bow waves. As plankton
distribution is naturally temporally and spatially variable and natural mortality rates are high,
any impacts would thus be of low to negligible intensity across the survey area and for the
duration of the survey (short-term).

The proposed survey area lies to the north and offshore of the Namaqua upwelling cell, in
the Orange River Cone (LUCORC) area, between approximately 29°S - 31°S. Important pelagic
fish species, including anchovy, redeye round herring, horse mackerel and shallow-water hake,
are reported as spawning on either side of the LUCORC area, but not within it. The area is
characterised by diminished phytoplankton biomass due to high turbulence and deep mixing in
the water column, and consequently is considered to be an environmental barrier to the
transport of ichthyoplankton from the southern to the northern Benguela upwelling
ecosystems. A deficiency of phytoplankton results in poor feeding conditions for micro-, meso-
and macrozooplankton, and for ichthyoplankton. Phytoplankton, zooplankton and
ichthyoplankton abundances in the survey area are thus expected to be comparatively low.
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Being located far offshore, the proposed survey area does not overlap with the spring to
early summer spawning areas for a number of commercially important species (see Figure 13),
including anchovy, pilchard, round herring and chub mackerel, with spawning of all except
chub mackerel extending southeastward onto the Agulhas Bank. There is also no overlap of the
proposed survey area with the northward egg and larval drift for anchovy. Ichthyoplankton
abundance are thus expected to be negligible.

The overall potential impact of seismic noise on plankton and ichthyoplankton is thus
deemed to be of VERY LOW significance both with and without mitigation.

Mitigation
No direct mitigation measures for potential impacts on plankton and fish egg and larval
stages are feasible or deemed necessary.

Impacts of seismic noise to plankton and ichthyoplankton

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium

5.2.2 Impacts to Marine Invertebrates

Although some marine invertebrates have mechanoreceptors or statocyst organs that are
sensitive to hydroacoustic disturbances, most do not possess hearing organs that perceive
sound pressure. Potential impacts of seismic pulses on invertebrates include physiological
injury and behavioural avoidance of seismic survey areas. Masking of environmental sounds and
indirect impacts due to effects on predators or prey have not been documented and are highly
unlikely.

Physiological injury and mortality

There is little published information on the effects of seismic surveys on invertebrate
fauna. It has been postulated, however, that shellfish, crustaceans and most other
invertebrates can only hear seismic survey sounds at very close range, such as less than 15 m
away. This implies that only surveys conducted in very shallow water will have any detrimental
effects. As the survey would mostly be conducted in excess of 300 m depth the received noise
at the seabed would be within the far-field range, and outside of distances at which
physiological injury of benthic invertebrates would be expected. The eastern boundary of the
licence area, however, potentially encroaches into depths frequented by West Coast rock
lobster Jasus lalandii. Rock lobsters generally exhibit strong associations with, and a
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preference for, nearshore creviced reef habitats and kelp beds, and avoid gravel and sand
areas (Pulfrich & Penney 2001). As the seabed offshore of the Namaqualand coast is dominated
by unconsolidated sediments of Orange River origin, abundances of rock lobsters beyond ~30 m
depth are likely to be insignificant. Their depth distribution and availability is, however,
strongly influenced by environmental conditions (Newman & Pollock 1971; Pollock 1978; Beyers
1979; Pollock & Beyers 1981; Bailey et al. 1985; Pollock & Shannon 1987; Tomalin 1993;
Pulfrich et al. 2006, amongst others). During the summer lobsters typically occur inshore in
response to declining bottom oxygen levels in deeper water (Pollock & Shannon 1987). In
contrast, in the winter months (or when the water column is well mixed) lobsters migrate
offshore and can occur to depths of 130 m when conditions are favourable.

Evidence from video footage taken on hard-substrate habitats to the south-east of Child’s
Bank suggests that vulnerable communities including gorgonians, octocorals and reef-building
sponges occur on the continental shelf, and similar communities may thus be expected on the
seamount.

The potential impact of seismic noise on physiological injury or mortality of invertebrates
is consequently deemed of low to negligible intensity across the survey area and for the survey
duration and is considered to be of VERY LOW significance both with and without mitigation.
No mitigation measures for potential impacts on marine invertebrates and their larvae are
feasible or deemed necessary.

Behavioural avoidance

Similarly, there is little published information on the effects of seismic surveys on the
response of invertebrate fauna to seismic impulses. Limited avoidance of airgun sounds may
occur in mobile neritic and pelagic invertebrates and is deemed to be of low intensity. Of the
marine invertebrates only cephalopods are receptive to the far-field sounds of seismic airgun
arrays. Although consistent avoidance has not been reported, behavioural changes have been
observed at 2 - 5 km from an approaching large seismic source (McCauley et al. 2000). The
received noise at the seabed would be within the far-field range, and thus outside of distances
at which avoidance of benthic invertebrates would be expected, but potentially within the
response range of cephalopods.

Most of the cephalopod resource is distributed on the mid-shelf with Sepia australis being
most abundant at depths between 60 - 190 m, whereas S. hieronis densities were higher at
depths between 110 - 250 m. Rossia enigmatica occurs more commonly on the edge of the
shelf to depths of 500 m. The Exploration Right area thus lies mainly offshore of the main
cephalopod distribution.

The potential impact of seismic noise on invertebrate behaviour is consequently deemed of
low to negligible intensity across the survey area and for the survey duration and is considered
to be of VERY LOW significance both with and without mitigation, and no mitigation measures
are deemed necessary.
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Impacts of seismic noise to marine invertebrates resulting in physiological injury

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium

Impacts of seismic noise to marine invertebrates resulting in behavioural avoidance

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium

5.2.3 Impacts to Fish

A review of the available literature suggests that potential impacts of seismic pulses to fish
(including sharks) species could include physiological injury and mortality, behavioural
avoidance of seismic survey areas, masking of environmental sounds and communication, and
indirect impacts due to effects on predators or prey.

Physiological injury and mortality

The greatest risk of pathological injury from seismic sound sources is for species that
establish home ranges on shallow-water reefs or congregate in inshore waters to spawn or
feed, and those displaying an instinctive alarm response to hide on the seabed or in the reef
rather than flee. Large demersal or reef-fish species with swim-bladders are also more
susceptible than those without this organ. Such species may suffer pathological injury or
severe hearing damage and adverse effects may intensify and last for a considerable time after
the termination of the sound source. However, as the proposed survey area is located in water
depths of beyond 300 m, the received noise by demersal species at the seabed would be within
the far-field range, and outside of distances at which physiological injury or avoidance would
be expected.
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Economically important pelagic species (e.g. sardine/pilchard, anchovy, chub mackerel,
horse mackerel and round herring) generally occur within the 200 m contour and thus unlikely
to be encountered in the proposed Exploration Right area. The most likely fish species to be
encountered in the survey area are the large pelagic species such as the highly migratory tuna
and billfish, which occur offshore of the 100 m isobath. These species show seasonal
association with Child’s Bank and Tripp Seamount between October and June, with commercial
catches often peaking in March and April (www.fao.org/fi/fcp/en/ NAM/body.htm; Wilkinson &
Japp 2009). As the survey would most likely be scheduled over the summer months (to avoid
the winter migration of southern right and humpback whales) there is thus a high likelihood
that the survey vessel would encounter tuna and billfish en route to their seasonal aggregation
around the seamount. However, given the high mobility of most large pelagic species, it is
assumed that the majority of these would avoid seismic noise at levels below those where
physiological injury or mortality would result. Furthermore, in many of the large pelagic
species, the swim-bladders are either underdeveloped or absent, and the risk of physiological
injury through damage of this organ is therefore lower. Possible injury or mortality in pelagic
species could occur on initiation of a sound source at full pressure in the immediate vicinity of
fish, or where reproductive or feeding behaviour override a flight response to seismic survey
sounds. The potential physiological impact on pelagic species, would be of high intensity. The
potential physiological impact on demersal species would, however, be insignificant as they
would only be affected in the far-field range, if at all. The duration of the impact on the
population would be limited to the short-term. The impact is therefore considered to be of
LOW significance without the implementation of mitigation measures, and of VERY LOW
significance with mitigation measures.

Behavioural avoidance

Behavioural responses such as avoidance of seismic survey areas and changes in feeding
behaviours of some fish to seismic sounds have been documented at received levels of about
160 dB re 1 pPa. Behavioural effects are generally short-term, however, with duration of the
effect being less than or equal to the duration of exposure, although these vary between
species and individuals, and are dependent on the properties of the received sound. The
potential impact on fish behaviour could therefore be of high intensity (particularly in the
near-field of the airgun array), over the short term, but limited to the survey area.
Considering the distribution ranges of most large migratory pelagic fish, the impact is
considered to be of LOW significance without mitigation and VERY LOW significance with
mitigation.

Reproductive success / spawning

Fish populations can be further impacted if behavioural responses result in deflection
from migration paths or disturbance of spawning. If fish on their migration paths or spawning
grounds are exposed to powerful external forces, they may be disturbed or even cease
spawning altogether thereby affecting recruitment to fish stocks. The magnitude of effect in
these cases will depend on the biology of the species and the extent of the dispersion or
deflection. Studies undertaken experimentally exposing the eggs and larvae of various fish
species to airgun sources, however, identified mortalities and physiological injuries at very
close range (<5 m) only. As the surveys will primarily be conducted at depths in excess of
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300 m and well offshore of the major spawning areas (Figure 13), the impact is considered to
be of VERY LOW significance both without and with mitigation.

Considering the spatial extent of the spawning areas, the lack of overlap with the survey
area and the low frequency and short duration of the proposed seismic survey, any indirect
effects of mortality to ichthyoplankton (assessed in Section 5.2.1) on recruitment to adult fish
populations is also considered to be of VERY LOW significance both with and without
mitigation.

Masking of environmental sounds and communication

Communication and the use of environmental sounds by fish in the offshore environment
off the southern African west coast are unknown. Impacts arising from masking of sounds are
expected to be of low intensity due to the duty cycle of seismic surveys in relation to the more
continuous biological noise. Such impacts would occur across the survey area and for the
duration of the survey and are consequently considered of VERY LOW significance both with
and without mitigation.

Indirect impacts due to effects on predators or prey

The assessment of indirect effects of seismic surveys on fish is limited by the complexity of
trophic pathways in the marine environment. The impacts are difficult to determine, and
would depend on the diet make-up of the fish species concerned and the effect of seismic
surveys on the diet species. Indirect impacts of seismic surveying could include attraction of
predatory species such as sharks and tunas to pelagic fish stunned by seismic noise. In such
cases where feeding behaviour overrides a flight response to seismic survey sounds, injury or
mortality could result if the seismic sound source is initiated at full power in the immediate
vicinity of the feeding predators. Little information is available on the feeding success of large
migratory species in association with seismic survey noise. Although large pelagic species are
known to aggregate around seamounts to feed, considering the extensive range over which
large pelagic fish species can potentially feed in relation to the survey area, and the low
abundance of pelagic shoaling species that constitute their main prey, the impact is likely to be
of VERY LOW significance both with and without mitigation.

Mitigation
Recommendations for mitigation include:

e All initiation of airgun firing be carried out as “soft-starts” of at least 20 minutes
duration (JNCC 2010), allowing fish to move out of the survey area and thus avoid
potential physiological injury as a result of seismic noise.

e Airgun firing should be terminated if mass mortalities of fish as a direct result of
shooting are observed.

o Maintain the firing of low-power guns during line turns that encroach within a 5 nautical
mile radius of Child’s Bank. On lines beyond that the low power guns can be stopped
during turns, but the normal start-up proceedure should nonetheless be maintained.
The reasoning behind this recommendations is that the complex food-webs that develop
around seamounts may lead to the increased presence of scavengers and predators,
including large pelagic fish species, in the vicinity of the seamounts.
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Impacts of seismic noise on fish resulting in physiological injury

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity High Low to Medium
Significance Low Very Low
Status Negative Negative
Probability Probable Improbable
Confidence Medium Medium
Impacts of seismic noise on fish resulting in behavioural avoidance

Without Mitigation

Assuming Mitigation

Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity High Medium
Significance Low Very Low
Status Negative Negative
Probability Probable Improbable
Confidence Medium Medium

Impacts of seismic noise on reproductive success and spawning

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low to Medium Low to Medium
Significance Very Low Very Low
Status Negative Negative
Probability Improbable Improbable
Confidence Medium Medium

Impacts of seismic noise on fish resulting in masking of sounds

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey. Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Improbable Improbable
Confidence Low Low
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Impacts of seismic noise on fish resulting in indirect impacts on food sources

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey. Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Improbable Improbable
Confidence Low Low

5.2.4 Impacts to Seabirds

Among the marine avifauna occurring along the South African West coast, it is only the
species that feed by plunge-diving or that rest on the sea surface, which may be affected by
the underwater noise of seismic surveys. Potential impacts of seismic pulses to diving birds
could include physiological injury, behavioural avoidance of seismic survey areas and indirect
impacts due to effects on prey. The seabird species are all highly mobile and would be
expected to flee from approaching seismic noise sources at distances well beyond those that
could cause physiological injury, but initiation of a sound source at full power in the immediate
vicinity of diving seabirds could result in injury or mortality where feeding behaviour overrides
a flight response to seismic survey sounds. The potential for physiological injury or behavioural
avoidance in non-diving seabird species is considered INSIGNIFICANT and will not be discussed
further here.

Physiological injury

The continuous nature of the intermittent seismic survey pulses suggest that diving birds
would hear the sound sources at distances where levels would not induce mortality or injury,
and consequently be able to flee an approaching sound source. The potential for physiological
impact of seismic noise on diving birds could be of high intensity but would be limited to the
survey area and survey duration (short term). Of the plunge diving species that occur along the
West Coast, only the Cape Gannet regularly feeds as far offshore as 100 km, the rest foraging
in nearshore areas up to 40 km from the coast. The nearest nesting grounds are at Bird Island
in Lambert's Bay, ~250 km to the southeast of the southern limit of Block 2C, with a cormorant
roosting site at Elephant Rocks -230 km to the southeast. To the north in Namibia, the nearest
seabird breeding colonies are on Sinclair and Plumpudding Islands at Baker’s Bay, ~150 km to
the northwest of the Orange River mouth. The exploration right area also lies more than
100 km offshore. There is therefore a low likelihood of encountering gannets in the survey
area. African Penguins are known to forage as far as 60 km offshore and juveniles have been
reported to travel up the coast regularly. The nearest African Penguin nesting sites in South
Africa are at the Saldanha Bay Islands and those in Namibia at Possession Island near Liideritz,
~280 km south and ~280 km northwest of the survey area, respectively. The survey operation
is thus unlikely to encounter penguins. Pelagic seabirds that dive for their prey may, however,
be encountered in the area around Child’s Bank, as such features act as mid-ocean focal points
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for a variety of pelagic species that may migrate large distances in search of food. The
potential physiological impact on diving species could thus be of LOW significance without
mitigation, and VERY LOW significance with mitigation.

Behavioural avoidance

Diving birds would be expected to hear seismic sounds at considerable distances as they
have good hearing at low frequencies (which coincide with seismic shots). Response distances
are speculative, however, as no empirical evidence is available. Behavioural avoidance by
diving seabirds would be limited to within the long range of the operating airgun over the
duration of the survey period. The impact is likely to be of medium to high intensity. Although
there is a low likelihood off encountering gannets and penguins in the proposed Exploratin
Right area due to the distance offshore, there is a likelihood of encountering pelagic seabirds
around Child’s Bank. The potential impact on the behaviour of diving seabirds is considered to
be of LOW significance without mitigation, and of VERY LOW significance with mitigation.

Indirect impacts due to effects on prey

As with other vertebrates, the assessment of indirect effects of seismic surveys on diving
seabirds is limited by the complexity of trophic pathways in the marine environment. The
impacts are difficult to determine, and would depend on the diet make-up of the bird species
concerned and the effect of seismic surveys on the diet species. No information is available on
the feeding success of seabirds in association with seismic survey noise. With few exceptions,
most plunge-diving birds forage on small shoaling species relatively close to the shore and are
unlikely to feed extensively in offshore waters that would primarily be targeted during the
seismic survey. In the vicinity of Child’s Bank, however, there may be an increased probability
of encountering foraging seabirds. The broad ranges of potential fish prey species (in relation
to potential avoidance patterns of seismic surveys of such prey species) and extensive ranges
over which most seabirds feed suggest that indirect impacts would be LOW without and VERY
LOW with mitigation.

Other Potential Impacts

Other potential adverse interactions between seabirds and seismic surveys are
(1) stranding of birds on the survey vessel due to being attracted to the vessel lights at night,
and (2) oiling through accidental loss of buoyancy liquid or hydraulic fluid from the towed gear.
However, while there is some potential for effects on individual seabirds through strandings or
oiling, no significant effects on seabird populations are predicted, as the number of animals
potentially affected will be small. The impacts are thus assessed as being INSIGNIFICANT.

Mitigation
Recommendations for mitigation include:
e All initiation of airgun firing be carried out as “soft-starts” of for least 20 minutes
(JNCC 2010).
o An area of radius of 500 m be scanned by an independent observer for the presence of
diving seabirds prior to the commencement of “soft starts” and that these be delayed
until such time as this area is clear of seabirds.
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e Maintain the firing of low-power guns during line turns that encroach within a 5 nautical
mile radius of Child’s Bank.

e Seabird incidence and behaviour should be recorded by an onboard Independent
Observer. Any obvious mortality or injuries to seabirds as a direct result of the survey
should result in temporary termination of operations.

e Any attraction of predatory seabirds (by mass disorientation or stunning of fish as a
result of seismic survey activities) and incidents of feeding behaviour among the

hydrophone streamers should be recorded by an onboard Independent Observer.

Impacts of seismic noise on diving seabirds resulting in physiological injury

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity High Low
Significance Low Very Low
Status Negative Negative
Probability Probable Improbable
Confidence Medium Medium

Impacts of seismic noise on diving seabirds resulting in behavioural avoidance

Without Mitigation

Assuming Mitigation

Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Medium to High Low
Significance Low Very Low
Status Negative Negative
Probability Probable Improbable
Confidence Medium Medium

Impact: Impacts of seismic noise on seabirds resulting in

indirect impacts on food sources

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey. Short-term
Intensity Medium to High Low
Significance Low Very Low
Status Negative Negative
Probability Improbable Improbable
Confidence Low Low
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Impacts of seismic surveys to seabirds through stranding or oiling

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area Local
Duration Short-term: for duration of survey Short-term
Intensity Very Low Very Low
Significance Insignificant Insignificant
Status Negative Negative
Probability Improbable Improbable
Confidence Medium Medium

5.2.5 Impacts to Turtles

Although three species of turtles occur along the West Coast, it is only the Leatherback
turtle which is likely to be encountered in deeper waters. However, abundances are likely to
be extremely low, comprising occasional visitors. The most likely impacts to turtles from
seismic survey operations include physiological injury (including disorientation) or mortality
from seismic noise or collision with or entanglement in towed seismic apparatus, behavioural
avoidance of seismic survey areas, and indirect effects due to the effects of seismic sounds on
prey species.

Physiological injury (including disorientation) or mortality

Although no information could be sourced on physiological injury to turtle hearing as a
result of seismic sounds, the overlap of their hearing sensitivity with the higher frequencies
produced by airguns, suggest that turtles may be considerably affected by seismic noise.
Recent evidence, however, suggests that turtles only detect airguns at close range (<10 m) or
are not sufficiently mobile to move away from approaching airgun arrays (particularly if
basking). Initiation of a sound source at full power in the immediate vicinity of a swimming or
basking turtle would be expected to result in physiological injury. The potential impact could
therefore be of medium intensity (due to extremely low abundance), but remain within the
short-term. However, as the abundance of adult turtles in the survey area is low, the
likelihood of encountering turtles during the proposed survey is thus expected to be very low.
The potential physiological impact on turtles is thus considered to be of VERY LOW significance
both without and with mitigation.

The potential for collision between adult turtles and the seismic vessel, or entanglement
of turtles in the towed seismic equipment and surface floats, is highly dependent on the
abundance and behaviour of turtles in the survey area at the time of the survey. As the
breeding areas for Leatherback turtles occur over 2,000 km to north-west of the survey area (in
Republic of Congo and Gabon), turtles encountered during the survey are likely to be migrating
vagrants and impacts through collision or entanglement would be of low intensity and short-
term. The impacts on turtles through collision or entanglement of seismic equipment is thus
considered to be of VERY LOW significance both without and with mitigation.
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Behavioural avoidance

Behavioural changes by turtles in response to seismic sounds range from apparent lack of
movement away from active airgun arrays through to startle response and avoidance by fleeing
an operating sound source. The impact of seismic sounds on turtle behaviour is of medium
intensity (due to extremely low abundance), but would persist only for the duration of the
survey, and be restricted to the survey area. Given the general extent of turtle migrations
relative to the seismic survey target grid, the impact of seismic noise on turtle migrations is
deemed to be of VERY LOW significance both without and with mitigation.

Indirect effects due to the effects of seismic sounds on prey species

Leatherback turtles feed on jellyfish, which are pelagic and therefore have a naturally
temporally and spatially variable distribution. Adverse modification of such pelagic food
sources would thus be insignificant, and the effects of seismic surveys on the feeding behaviour
of turtles is thus expected to be VERY LOW both with and without mitigation.

Masking of environmental sounds and communication

Breeding adults of sea turtles undertake large migrations between distant foraging areas
and their nesting sites (which on the African West coast are >2,000 km north-west of survey
area in Republic of Congo and Gabon). Although it is speculated that turtles may use acoustic
cues for navigation during migrations, information on turtle communication is lacking. There is
no information available in the literature on the effect of seismic noise in masking
environmental cues and communication in turtles, but their low abundance in the survey area
would suggest that the potential significance of this impact (should it occur) would be
INSIGNIFICANT.

Mitigation
A number of mitigation measures are recommended for potential impacts of seismic surveys on
turtles:

o All initiation of airgun firing be carried out as “soft-starts” of at least 20 minutes
duration (JNCC 2010).

e An area of radius of 500 m be scanned by an independent observer for the presence of
turtles prior to the commencement of “soft starts” and that these be delayed until such
time as this area is clear of turtles.

e Maintain the firing of low-power guns during line turns that encroach within a 5 nautical
mile radius of Child’s Bank. On lines beyond that the low power guns can be stopped
during turns, but the normal start-up proceedure should nonetheless be maintained.

o Daylight observations of the survey region should be carried out by onboard
Independent Observers and incidence of turtles and their responses to seismic shooting
should be recorded.

o Seismic shooting should be terminated when obvious changes to turtle behaviour is
observed from the survey vessel, or animals are observed within the immediate vicinity
(within 500 m) of operating airguns and appear to be approaching firing airgun.

o Any obvious mortality or injuries to turtles as a direct result of the survey should result
in temporary termination of operations.
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e Ensure that ‘turtle-friendly’ tail buoys are used by the survey contractor or that
existing tail buoys are fitted with either exclusion or deflector ‘turtle guards’.

Impacts of seismic noise on turtles resulting in physiological injury, or collision and
entanglement with towed equipment

Without Mitigation

Assuming Mitigation

Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Medium Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable to Highly Probably Probable
Confidence Medium Medium

Impacts of seismic noise on turtles resulting in behavioural avoidance

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey. Short-term
Intensity Medium Low
Significance Very Low Very Low
Status Negative Negative
Probability Highly Probable Probable
Confidence High High

Impacts of seis

mic noise on turtles resulting in indirect impacts on food sources

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey. Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Improbable Improbable
Confidence Low Low
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Impacts of seismic noise on turtles resulting in masking of sounds

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey. Short-term
Intensity Very Low Very Low
Significance Insignificant Insignificant
Status Negative Negative
Probability Improbable Improbable
Confidence Low Low

5.2.6 Impacts to Seals

Physiological injury or mortality

The physiological effects of loud low frequency sounds on seals have not been well
documented. The potential for physiological injury to seals from seismic noise is expected to
be low as being highly mobile, fur seals would avoid severe sound sources at levels well below
those at which discomfort occurs. Past studies suggest that noise of moderate intensity and
duration is sufficient to induce temporary threshold shifts in seals, as individuals did not appear
to avoid the survey area. Their tendency to swim at or near the surface will also expose them
to reduced sound levels when in close proximity to an operating airgun array. There are two
breeding colonies located east of Block 2C, namely at Buchu Twins near Alexander Bay (-200
km to the northeast), Robeiland at Kleinzee (-200 km to the east), with a further breeding
colony at Elephant Rockst near the Olifants River mouth, ~230 km to the south. Non-breeding
colonies are located at Strandfontein Point near the Groen River mouth and Bird Island at
Lambert’s Bay, ~100 km and ~270 km south, respectively. The proposed survey area therefore
falls within the foraging range of seals from the nearby colonies. The potential impact of
physiological injury to seals as a result of seismic noise is therefore deemed to be of medium
intensity and would be limited to the survey area, although injury could extend beyond the
survey duration. The significance of the impact without mitigation is VERY LOW with and
without mitigation.

Behavioural avoidance

Although partial avoidance (to less than 250 m) of operating airguns has been recorded for
some seals species, Cape fur seals appear to be relatively tolerant to loud noise pulses and,
despite an initial startle reaction, individuals quickly reverted back to normal behaviour. The
potential impact of seal behaviour in response to seismic surveys is thus considered to be of
low to medium intensity and limited to the survey area and duration. The significance of
behavioural avoidance impacts are consequently deemed VERY LOW, both with and without
mitigation.

Masking of environmental sounds and communication
The use of underwater sounds for environmental interpretation and communication by
Cape fur seals is unknown, although masking is likely to be limited by the low duty cycle of
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seismic pulses (one firing every 10 to 15 seconds). The impacts of masking are considered
VERY LOW, both with and without mitigation.

Indirect effects due to the effects of seismic sounds on prey species

As with other vertebrates, the assessment of indirect effects of seismic surveys on Cape
fur seals is limited by the complexity of trophic pathways in the marine environment, The
impacts are difficult to determine, and would depend on the diet make-up of the species (and
the flexibility of the diet), and the effect of seismic surveys on the diet species. The broad
ranges of fish prey species (in relation to the avoidance patterns of seismic surveys of such prey
species) and the extended foraging ranges of Cape fur seals suggest that indirect impacts due
to effects on predators or prey would be VERY LOW, both with and without mitigation.

Mitigation
Mitigation measures recommended for potential impacts of seismic surveys on seals are:

e Daylight observations of the survey region should be carried out by onboard Marine
Mammal Observers (MMOs) and the presence of seals (including number and position /
distance from the vessel) and their behaviour should be recorded prior to “soft start”
procedures. All initiation of airgun firing be carried out as “soft-starts” of at least 20
minutes duration (JNCC 2010).

e “Soft start” procedures should, if possible, only commence once it has been confirmed
that there is no seal activity within 500 m of the airguns. If after a period of 30
minutes seals are still within 500 m of the airguns, the normal “soft start” procedure
should be allowed to commence for at least a 20-minutes duration.

e The MMO should monitor seal behaviour during “soft starts” to determine if the seals
display any obvious negative responses to the airguns and gear or if there are any signs
of injury or mortality to seals as a direct result of seismic shooting operations.

o Seismic shooting should be terminated when obvious negative changes to seal behaviour
are observed or there is any obvious mortality or injuries to seals as a direct result of
the survey.

o The MMO’s daily report should record general seal activity, numbers and any noticeable
change in behaviour,

Impacts of seismic noise on seals resulting in physiological injury

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Medium Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium
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Impacts of seismic noise on seals resulting in behavioural avoidance

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey. Short-term
Intensity Low to medium Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence High High

Impacts of seismic surveys on seals resulting in masking of sounds and communication

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium

Impacts of seismic surveys on seals resulting from indirect effects on their prey

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence High High

5.2.7 Impacts to Whales and Dolphins

A wide diversity of cetaceans (whales and dolphins) occur off the West Coast. The
majority of migratory cetaceans in southern African waters are baleen whales (mysticetes),
while toothed whales (odontocetes) may be resident or migratory. Potential impacts of seismic
pulses to whales and dolphins could include physiological injury, behavioural avoidance of
seismic survey areas, masking of environmental sounds and communication, and indirect
impacts due to effects on prey.

The factors that affect the response of marine mammals to sounds in their environment
include the sound level and its prevailing acoustic characteristics, the ecological features of

Pisces Environmental Services (Pty) Ltd 82




IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

the environment in which the animal encounters the sound and the physical and behavioural
state of the animal. The responses of cetaceans to noise sources are often also dependent on
the perceived motion of the sound source, as well as the nature of the sound itself. For
example, many whales are more likely to tolerate a stationary source than they are one that is
approaching them (Watkins 1986; Leung-Ng & Leung 2003), or are more likely to respond to a
stimulus with a sudden onset than to one that is continuously present (Malme et al. 1985).
When discussing the potential effects of seismic surveys on marine mammals we should bear in
mind the lack of data (uncertainty) concerning the auditory capabilities and thresholds of
impacts on the different species encountered and the individual variability in hearing
thresholds and behavioural responses which are likely to influence the degree of impact (Luke
et al. 2009; Gedamke et al. 2011). This uncertainty and variability can have a large impact on
how risk to marine mammals is assessed. Assessing the impact of seismic activity on
populations in the Benguela ecosystem is further hampered by a poor understanding of the
abundance and distribution of many of the species found here.

Marked differences occur in the hearing of baleen whales (mysticete cetaceans) and
toothed whales and dolphins (odontocete cetaceans). The vocalisation and estimated hearing
range of baleen whales (centred at below 1 kHz) overlap the highest peaks of the power
spectrum of airgun sounds and consequently these animals may be more affected by
disturbance from seismic surveys (Nowacek et al. 2007). In contrast, the hearing of toothed
whales and dolphins is centred at frequencies of between 10 and 100 kHz, suggesting that
these may react to seismic shots at long ranges, but that hearing damage from seismic shots is
only likely to occur at close range. Mysticete and odontocete cetaceans are thus assessed
separately below.

Physiological injury

There is little information available on the levels of noise that would potentially result in
physiological injury to cetaceans, and no permanent threshold shifts have been recorded.
Available information suggests that the animals would need to be in close proximity to
operating airguns to suffer physiological injury, and being highly mobile it is assumed that they
would avoid sound sources at distances well beyond those at which injury is likely to occur.
Deep-diving cetacean species may, however, be more susceptible to acoustic injury,
particularly in the case of seafloor-focused seismic surveys, where the downward focused
impulses could trap deep diving cetaceans within the survey pulse, as escaping towards the
surface would result in exposure to higher sound level pulses.

The impact of physiological injury to both mysticete and odontocete cetaceans as a result
of high-amplitude seismic sounds is deemed to be of high intensity, but would be limited to the
immediate vicinity of operating airguns within the survey area. The intensity of the impact is
related to the location of the surveys and the time of year they are undertaken. To avoid the
main winter migration periods of southern right and humpback whales, the proposed surveys
would most likely be scheduled for the summer months. However, deviations from the
predictable and seasonal migration patterns of souther rights and humpbacks have been
reported from the Cape Columbine - Yzerfontein area (Best 2007; Barendse et al. 2010) with
high abundances during spring and summer (September-February). Although during this time
both southern right and humpback whales do undertake exploratory trips northwards along the
coast from the summer feeding grounds off Saldanha Bay, the offshore location of the proposed
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exploration area makes encounters with whales undergoing summer migrations highly unlikely.
As a consequence, the impact is considered to be of MEDIUM significance without mitigation
and LOW significance with mitigation.

Behavioural avoidance

Avoidance of seismic survey activity by cetaceans, particularly mysticete species, begins at
distances where levels of approximately 150 to 180 dB are received. More subtle alterations in
behaviour may occur at received levels of 120 dB. Although behavioural avoidance of seismic
noise in the proposed survey area by baleen whales is highly likely, such avoidance is generally
considered of minimal impact in relation to the distances of migrations of the majority of
baleen whale species.

Of greater concern than general avoidance of migrating whales is avoidance of critical
breeding habitat or area where mating, calving or nursing occurs. Southern right whales mostly
remain in the coastal area south of Lambert’s Bay. The proposed survey area is located well
offshore and to the north of Lambert’s Bay, and therefore does not overlap with nearshore
West coast regions potentially utilised by southern right whales as a mating, calving, or nursery
grounds. There is, however, potential overlap with migration routes of both humpback whales
to and from their breeding grounds. Similarly, the proposed survey area is located well to the
north and offshore of the West Coast feeding ground around Cape Columbine, where local
abundances of temporary resident humpbacks and southern rights whales occur during summer
months. Interaction between the proposed survey and the summer feeding aggregations is thus
unlikely.

The potential impact of behavioural avoidance of seismic survey areas by mysticete
cetaceans is considered to be of high intensity, across the survey area and for the duration of
the survey. Although the proposed survey would likely be scheduled over the summer months,
the likelihood of the survey encountering southern right and humpback whales making
exploratory trips northwards along the coast from the summer feeding grounds is extremely
low. Due to the unlikley encounter rate, the impact of seismic surveying is thus considered of
LOW significance before mitigation, and VERY LOW significance with mitigation.

Information available on behavioural responses of toothed whales and dolphins to seismic
surveys is more limited than that for baleen whales. No seasonal patterns of abundance are
known for odontocetes occupying the proposed study area and there is less evidence of
avoidance of seismic surveys by toothed whales (including dolphins). A precautionary approach
to avoiding impacts is thus recommended, and consequently the impact of seismic survey noise
on the behaviour of toothed whales is considered to be of medium intensity over the survey
area and duration. The endemic Heaviside's dolphin has a restricted distribution on the
continental shelf in waters <200 m depth and therefore overlap with proposed survey area is
minimal. A number of other toothed whale species, however, have a more pelagic distribution
thus occurring further offshore. The overall significance will therefore vary between species,
and consequently ranges between LOW and VERY LOW before mitigation and VERY LOW with
mitigation.
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Masking of environmental sounds and communication

Baleen whales appear to vocalise almost exclusively within the frequency range of the
maximum energy of seismic survey noise, while toothed whales vocalise at frequencies higher
than these. As the by-product noise in the mid-frequency range can travel far, masking of
communication sounds produced by whistling dolphins and blackfish? is likely. In the migratory
baleen whale species, vocalisation increases once they reach the breeding grounds and on the
return journey in December - January when accompanied by calves. However, masking of
communication signals is likely to be limited by the low duty cycle of seismic pulses.
Consequently, the intensity of impact on baleen whales is likely to be low over the survey area
and duration, but high in the case of toothed whales. Whereas for mysticetes the significance
is rated as VERY LOW, both with and without mitigation, for odontocetes it is rated as MEDIUM
without mitigation and LOW with mitigation.

Indirect impacts due to effects on prey

As with other vertebrates, the assessment of indirect effects of seismic surveys on resident
odontocete cetaceans is limited by the complexity of trophic pathways in the marine
environment. However, it is likely that both fish and cephalopod prey of toothed whales and
dolphins may be affected over limited areas, although the impacts are difficult to determine.
The broad ranges of prey species (in relation to the avoidance patterns of seismic surveys of
such prey species) suggest that indirect impacts due to effects on prey would be of VERY LOW
significance with and without mitigation. Baleen whales seldom feed within breeding ground
waters and rely on blubber reserves during their migrations, so the significance of indirect
effects on their food source is VERY LOW.

Other potential impacts
Given the slow speed (about 4 - 6 kts) of the vessel while towing the seismic array, ship
strikes are also unlikely. Entanglement in gear is, however, possible.

Mitigation
Mitigation measures to reduce the impact of seismic survey impulses on cetaceans include:

e Seismic surveys should as far as possible be planned to avoid cetatean migration periods
or winter breeding concentrations (June to end November), and ensure that migration
paths are not blocked.

e As no seasonal patterns of abundance are known for odontocetes occupying the
proposed study area, a precautionary approach to avoiding impacts throughout the year
is recommended,

e Should the survey schedules overlap with the start of the sensitive period in terms of
large mammals migrating through the area, ensure that PAM technology is implemented
to confirm that no cetaceans are present in the vicinity of the vessel. PAM is also to be
used when surveying at night or during adverse weather conditions and thick fog.
During the commencement of night-time operations, visual watches (30 minutes prior to

2 The term blackfish refers to the delphinids: Melon-headed whale, Killer whale, Pygmy Killer Whale, False
Killer Whale, Long-finned Pilot Whale, Short-finned Pilot Whale,
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soft-starts) should be maintained using night-vision/infra-red binoculars and PAM
technology.

e The use of Passive Acoustic Monitoring (PAM) is encouraged by most international
guidelines as a mitigation tool to detect marine mammals through their vocalisations,
particularly if species of particular conservation importance are likely to be
encountered in the proposed survey area, or where a given species or group is
difficult to detect by visual observation alone. Such monitoring can provide distance
and bearing of the animals from the survey vessel. Although PAM would only identify
animals that are calling or vocal, it has the advantage of 24 hour per day availability as
opposed to visual monitoring, which can only be confidently carried out during daylight
hours, or under adequate visibility conditions. Considering that most of the offshore
migrating baleen whale species likely to be encountered are listed as “Endangered”,
every effort should be made to ensure that the vessel is fitted with PAM technology’.

o Survey vessels should accommodate dedicated independent MMOs with experience in
seabird, turtle and marine mammal identification and observation techniques, to carry
out daylight observations of the survey region and record incidence of marine
mammals, and their responses to seismic shooting. Data collected should include
position, distance from the vessel, swimming speed and direction, and obvious changes
in behaviour (e.g. startle responses or changes in surfacing/diving frequencies,
breathing patterns). The identification and the behaviour of the animals must be
recorded accurately along with current seismic noise levels.

o All initiations of seismic surveys must be carried out as “soft-starts” for a minimum of
20 minutes (JNCC 2010). This requires that the sound source be ramped from low to
full power, thus allowing a flight response to outside the zone of injury or avoidance.
The rational for the 20 minute “soft-start” period is based on the flight speeds of
cetacean species.

¢ |nitiation of firing is only to begin after observations by MMOs have deemed the visual
area around the vessel to a distance of 500 m to be clear of all diving cetacean species
for at least 30 minutes prior to firing, so that deep- or long-diving species can be
detected. In the case of small cetacean (particularly dolphins) and medium
odontocetes (pilot whales), which are often attracted to survey vessels, “soft start”
procedures should, if possible, only commence once it has been confirmed that there is
no small/medium cetacean activity within 500 m of the airguns. If after a period of 30
minutes small/medium cetaceans are still within 500 m of the airguns, the normal “soft
start” procedure should be allowed to commence for at least a 20-minutes duration.
The MMO should monitor small/medium cetacean behaviour during “soft-starts” to
determine if the animals display any obvious negative responses to the airguns and gear
or if there are any signs of injury or mortality as a direct result of seismic operations.

o Maintain the firing of low-power guns during line turns that encroach within a 5 nautical
mile radius of Child’s Bank. On lines beyond that the low power guns can be stopped
during turns, but the normal start-up proceedure should nonetheless be maintained.

3 As the survey is taking place in waters up to 1,500 m depth, at night, and in the vicinity of both Tripp
Seamount and Child’s Bank, where sperm whales are likely to be encountered, the use of PAM is highly
recommended. PAM can also be used effectively to detect Heaviside's dolphins, which produce clicks in the
125 kHz range. However, PAM can only be used to detect this species at a maximum range of about 500 m.
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During night-time line changes low level warning airgun discharges should be fired at
regular intervals in order to keep animals away from the survey operation while the
vessel is repositioned for the next survey line.

All breaks in airgun firing of longer than 20 minutes must be followed by a “soft-start”
procedure of at least 20 minutes prior to the survey operation continuing. Breaks
shorter than 20 minutes should be followed by a “soft-start” of similar duration.

Seismic shooting should be terminated when obvious changes to cetacean behaviour is
observed from the survey vessel, or animals are observed within the immediate vicinity
(within 500 m) of operating airguns and appear to be approaching firing airgun.

All data recorded by MMOs should at minimum form part of a survey close-out report.
Furthermore, daily or weekly reports should be forwarded to the necessary authorities
to ensure compliance with the mitigation measures.

Marine mammal incidence data and seismic source output data arising from surveys
should be made available on request to the Marine Mammal Institute, Department of
Agriculture, Fisheries and Forestry, and the Petroleum Agency of South Africa for
analyses of survey impacts in local waters.

The use of the lowest practicable airgun volume should be defined and enforced, and

‘ airgun use should be prohibited outside of the licence area.

Potential impact of seismic noise to mysticete cetaceans

Impacts of seismic noise on baleen whales resulting in physiological injury

Without Mitigation Assuming Mitigation

Extent Local: limited to survey area Local
Duration Short-term: for duration of survey Short-term
Intensity High Low to Medium
Significance Medium Low

[ Status Negative Negative

' Probability | Probable Probable

Confidence Medium Medium

Impacts of seismic noise on baleen whales resulting in behavioural avoidance

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area Local
Duration Short-term: for duration of survey Short-term
Intensity High Low
Significance Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence High High
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Impacts of seismic surveys on baleen whales resulting in masking of sounds and communication

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium

Impacts of seismic surveys on baleen whales resulting from indirect effects on their prey

Without Mitigation

Assuming Mitigation

Extent Local: limited to survey area Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence High High

Potential impact of seismic noise to odontocete cetaceans.

Impacts of seismic noise on toothed whales and dolphins resulting in physiological injury

Without Mitigation

Assuming Mitigation

Extent Local: limited to survey area Local

Duration Short-term: for duration of survey Short-term
Intensity High Low to Medium
Significance Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium

Impacts of seismic noise on toothed whales and dolphins resulting in behavioural avoidance

Without Mitigation

Assuming Mitigation

Extent Local: limited to survey area Local

Duration Short-term: for duration of survey Short-term
Intensity Medium Low to Medium
Significance Very Low - Low (species specific) Very Low
Status Negative Negative
Probability Probable Probable
Confidence High High
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Impacts of seismic surveys on toothed whales and dolphins resulting in masking of sounds and

communication
Without Mitigation Assuming Mitigation
Extent Local: limited to survey area Local
Duration Short-term: for duration of survey Short-term
Intensity High Low
Significance Medium Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium

Impacts of seismic surveys on toothed whales and dolphins resulting from indirect effects on
their prey

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area. Local
Duration Short-term: for duration of survey Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Probable Probable
Confidence Medium Medium

5.3. Impacts of Multi-beam Surveys

Although baleen whales, toothed whales and pinnepeds would be expected to hear
sonar signals from most types of oceanographic sonars at frequencies within their functional
hearing range, the animals would only be affected if they were within the sonar beam. As the
anticipated radius of influence of a multi-beam sonar or the sub-bottom profiler is significantly
less than that for an airgun array (approximately 1 000 times less than a seismic survey), and
the statistical probability of crossing a cetacean or pinniped with the narrow multi-beam fan
several times, or even once, is very small, the effects of high frequency sonars on these fauna
can be considered to be of VERY LOW significance without mitigation. However, despite the
low significance of impacts, the Joint Nature Conservation Committee (JNCC) provides a list of
guidelines to be followed by anyone planning marine sonar operations that could cause acoustic
or physical disturbance to marine mammals. These have been revised to be more applicable to
the southern African situation.

e Onboard MMOs should conduct visual scans for the presence of cetaceans around the
survey vessel prior to the initiation of any acoustic impulses.

e Pre-survey scans should be limited to 15 minutes prior to the start of survey equipment.

o “Soft starts” should be carried out for any equipment of source levels greater than
210 dB re 1 pPa at 1 m over a period of 20 minutes to give adequate time for marine
mammals to leave the vicinity.

o Terminate the survey if any marine mammals show affected behaviour within 500 m of
the survey vessel or equipment until the mammal has vacated the area.
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o Avoid planning geophysical surveys during the movement of migratory cetaceans
(particularly baleen whales) from their southern feeding grounds into low latitude
waters (beginning of June to end of November), and ensure that migration paths are
not blocked by sonar operations. As no seasonal patterns of abundance are known for
odontocetes occupying the proposed exploration area, a precautionary approach to
avoiding impacts throughout the year is recommended.

e Ensure that PAM (passive acoustic monitoring) is incorporated into any surveying taking
place between June and November.

e A Marine Mammal Observer would be appointed to ensure compliance with mitigation
measures during seismic geophysical surveying.

Impacts of multi-beam and sub-bottom profiling sonar on seals and cetaceans

Without Mitigation Assuming Mitigation
Extent Local: limited to survey area Local
Duration Short-term Short-term
Intensity Low Low
Significance Very Low Very Low
Status Negative Negative
Probability Improbable Improbable
Confidence High High

5.4. Impacts of Drop-Core Sampling and Heatflow Measurements

The proposed core sampling activities are expected to result in the disturbance and loss
of benthic macrofauna through removal of sediments and potential crushing of benthic
epifauna in the trigger weight footprint. In the case of the heatflow probe, penetration of the
probe into the seabed may lead to disturbance of benthic macrofauna in the 6-cm diameter
footprint of the probe.

Assuming a core diameter of 67 mm, each drop-core sample will remove a surface area of
~0.003 m%. Core barrels are typically 6 m in length thus resulting in the removal of 0.02 m* of
sediment , respectively per sample at maximum penetration. It is proposed to take in the
order of 200 cores, thereby impacting a total cumulative area of 0.6 m” and removing a
maximum of 4 m® of sediment.

As benthic fauna typically inhabit the top 20 - 30 cm of sediment, and removal of the
sediment samples would result in the elimination of the benthic infaunal and epifaunal biota in
the sample footprints. Considering the available area of similar habitat on and off the edge of
the continental shelf, this reduction in benthic biodiversity can be considered negligible.
Discarding overboard of excess sediment may result in limited smothering effects on the
seabed. Depending on the volume discarded, the sediment size of the material and the
prevailing current, although most of the discarded material will be dispersed as it settles
through the water column. Smothering effects will thus be negligible.

Depending on the texture of the sediments at the target sites, slumping of adjacent
unconsolidated sediments into the excavation can be expected over the very short-term.
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Although this may result in localised disturbance of macrofauna associated with these
sediments and alteration of sediment structure, it also serves as a means of natural recovery of
the excavations. Studies have shown that some mobile benthic animals are capable of actively
migrating vertically through overlying sediment thereby significantly affecting the
recolonization of impacted areas and the subsequent recovery of disturbed areas of seabed
(Maurer et al. 1979, 1981a, 1981b, 1982, 1986; Ellis 2000; Schratzberger et al. 2000; but see
Harvey et al. 1998; Blanchard & Feder 2003).

Natural rehabilitation of the seabed following sampling or dredging operations, through a
process involving influx of sediments and recruitment of invertebrates, has been demonstrated
on the southern African continental shelf (Penney & Pulfrich 2004; Steffani 2007b, 2009a,
2009b, 2010a, 2010c). Recovery rates of impacted communities are variable and dependent on
the sampling/dredging/mining approach, sediment influx rates and the influence of natural
disturbances on succession communities. Ellis (1996) gives typical recovery rates for different
grained deposits based on several sources (Table 7). These average time scales conform to
those from other studies (see Newell et al. 1998).

The structure of the recovering communities is also highly spatially and temporally
variable confirming the high natural variability in benthic communities in the region. The
community developing after an impact depends on (1) the nature of the impacted substrate,
(2) differential re-settlement of larvae in different areas, and (3) environmental factors such as
bedload transport, near-bottom dissolved oxygen concentrations etc. Indications of significant
recruitments and natural mortalities in recovering succession communities has provided
evidence of natural disturbances (Pulfrich & Penney 1999). Savage et al. (2001) noted
similarities in apparent levels of disturbance between mined and unmined areas off the
southern African west coast, and areas of the Oslofjord in the NE Atlantic Ocean, which is
known to be subject to periodic low oxygen events. They concluded that the lack of clear
separation of impacted from reference samples suggests that short-term physical disturbance
resulting from mining or dredging is no more stressful than the regular naturally occurring
anoxic events typical of the West Coast continental shelf area.

The very low-intensity negative impact of sediment removal is unavoidable, but as it will
be extremely localised (i.e. confined to the core footprints) the impact can confidently be
rated as being INSIGNIFICANT.

Table 7: Timing for recovery of seabed habitats after dredging (after Ellis 1996).

Sediment type Recovery time

Fine-grained deposits: T
muds, silts, clays, which can contain some rocks and boulders
Medium-grained deposits:

: = : 1-3 years
sand, which can contain some silts, clay and gravel
Coarse-grained deposits: 5 v
gravels, which can contain some finer fraction and some rock and boulders
Coarse-grained deposits: o
gravels with many rocks and boulders

Some disturbance or loss of adjacent benthic biota can also be expected as a result of
the placement on the seabed of the trigger weight, and the penetration into the sediments of
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the heatflow probe. Epifauna and infauna beneath the footprint of the weight/probe may be
smothered or crushed resulting in a reduction in benthic biodiversity. Crushing is likely to
primarily affect soft-bodied species as some molluscs and crustaceans may be robust enough to
survive (see for example Savage et al. 2001). The impacts would be of very low intensity but
highly localised, and short-term as recolonization would occur rapidly from adjacent

undisturbed sediments. The potential impact is consequently deemed to INSIGNIFICANT.

Mitigation

No mitigation measures are possible, or considered necessary for the direct loss of

macrobenthos due to core sampling or indirect loss due to crushing by the trigger weight.

Impacts of drop-core survey on benthic macrofauna through removal or crushing

Without Mitigation Assuming Mitigation
Extent Local: limited to core area or trigger | Local
weight footprint

Duration Short-term Short-term

Intensity Very Low Very Low

| Significance Insignificant Insignificant

Status Negative Negative

Probability Definite Definite

Confidence High High
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6. CONCLUSIONS AND RECOMMENDATIONS
6.1. Conclusions

If all environmental guidelines, and appropriate mitigation measures advanced in this
report are implemented, there is no reason why the proposed exploration activities should not
proceed. If the proposed seismic survey component is undertaken outside the cetacean
migration period (June to November) it would mitigate the potential impact on migratory
cecateans to a large extent. Data collected by independent onboard observers should form
part of a survey close-out report to be forwarded to the necessary authorities, and any
incidence data and seismic source output data arising from surveys should be made available
for analyses of survey impacts in Southern African waters.

The assessments of impacts of seismic sounds provided in the scientific literature usually
consider short-term responses at the level of individual animals only, as our understanding of
how such short-term effects relate to adverse residual effects at the population level are
limited. Data on behavioural reactions acquired over the short-term could, however, easily be
misinterpreted as being less significant than the cumulative effects over the long-term, i.e.
what is initially interpreted as an impact not having a detrimental effect and thus being of low
significance, may turn out to result in a long-term decline in the population. A significant
adverse residual environmental effect is considered one that affects marine biota by causing a
decline in abundance or change in distribution of a population(s) over more than one
generation within an area. Natural recruitment may not re-establish the population(s) to its
original level within several generations or avoidance of the area becomes permanent.
However, the southern right whale population is reported to be increasing by 7% per annum
(Best 2000) over a time when seismic surveying frequency has increased, suggesting that, for
the southern right population at least, there is no evidence of long-term negative change to
population size as a direct result of seismic survey activities.

Reactions to sound by marine fauna depend on a multitude of factors including species,
state of maturity, experience, current activity, reproductive state, time of day (Wartzok et al.
2004; Southall et al. 2007). If a marine animal does react briefly to an underwater sound by
changing its behaviour or moving a small distance, the impacts of the change are unlikely to be
significant to the individual, let alone the population as a whole (NRC 2005). However, if a
sound source displaces a species from an important feeding or breeding area for a prolonged
period, impacts at the population level could be significant.

The significance of the impacts both before and after mitigation are summarised in the
table overleaf.

@ Pisces Environmental Services (Pty) Ltd 93



IMPACTS ON MARINE FAUNA - Exploration activities Block 2C, South Africa

Seismic Surveys

P e e W T AT

Plankton

Physiological injury and mortality Very Low Very Low
Marine Invertebrates

Physiological injury and mortality Very Low Very Low
Behavioural avoidance Very Low Very Low
Fish

Mortality and/or physiological injury Low Very Low
Avoidance behaviour Low Very Low
Reproductive success / spawning Very Low Very Low
Masking of sounds Very Low Very Low
Indirect impacts on food sources Very Low Very Low
Seabirds

Physiological injury Low Very Low
Avoidance behaviour Low Very Low
Indirect impacts on food sources Low Very Low
Stranding and oiling Insignificant Insignificant
Turtles

Physiological injury, collision and entanglement Very Low Very Low
Avoidance behaviour Very Low Very Low
Indirect impacts on food sources Very Low Very Low

Masking of sounds

Insignificant

Insignificant

Seals

Physiological injury or mortality Very Low Very Low
Avoidance behaviour Very Low Very Low
Masking of sounds Very Low Very Low
Indirect impacts on food sources Very Low Very Low
Whales and dolphins

Baleen whales

Physiological injury Medium Low
Avoidance behaviour Low Very Low
Masking of sounds Very Low Very Low
Indirect impacts on food sources Very Low Very Low
Toothed whales and dolphins

Physiological injury Low Very Low
Avoidance behaviour Very Low/Low Very Low
Masking of sounds Medium Low
Indirect impacts on food sources Very Low Very Low
Other Potential Impacts

Interaction with vessel traffic Insignificant Insignificant
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Multi-beam Surveys

e b R RS | (aften mitization
Marine Fauna
Auditory and behavioural disturbance of turtles Insignificant Insignificant
Auditory and behavioural disturbance of seals and

Very Low Very low
cetaceans :

Sediment Samphng and Heatflow Measurements

o e e mmct Con s s

§jgnif1cqnce 2 slgnlftca e
- : o ‘(afgr mitisation)s

Benthic Macrofauna
Injury and loss of benthic macrofauna through Drop-
core sampling and Heatflow Measurements

Insignificant Insignificant

6.2. Recommended Mitigation Measures
6.2.1 Seismic Surveys

Detailed mitigation measures for seismic surveys in other parts of the world are
provided by Weir et al. (2006), Compton et al. (2007) and US Department of Interior (2007).
Many of the international guidelines presented in these documents are extremely conservative
as they are designed for areas experiencing repeated, high intensity surveys and harbouring
particularly sensitive species, or species with high conservation status. The guidelines
currently applied for seismic surveying in South African waters are those proposed in the
Generic EMPR (CCA & CMS 2001), and to date these have not resulted in any known or recorded
mortalities of marine mammals, turtles or seabirds. The mitigation measures proposed below
are based largely on the guidelines currently accepted for seismic surveys in South Africa, but
have been revised to include salient points from international guidelines discussed in the
documents cited above.

o Seismic surveys should as far as possible be planned to avoid cetatean migration periods
or winter breeding concentrations (June to end November), and ensure that migration
paths are not blocked.

o As no seasonal patterns of abundance are known for odontocetes occupying the
proposed study area, a precautionary approach to avoiding impacts throughout the year
is recommended.

e Should the survey schedules overlap with the start of the sensitive period in terms of
large mammals migrating through the area, ensure that PAM technology is implemented
to confirm that no cetaceans are present in the vicinity of the vessel. PAM is also to be
used when surveying at night or during adverse weather conditions and thick fog.
During the commencement of night-time operations, visual watches (30 minutes prior
to soft-starts) should be maintained using night-vision/infra-red binoculars and PAM
technology.

o The use of Passive Acoustic Monitoring (PAM) is encouraged by most international
guidelines as a mitigation tool to detect marine mammals through their vocalisations,
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particularly if species of particular conservation importance are likely to be
encountered in the proposed survey area, or where a given species or group is
difficult to detect by visual observation alone. Such monitoring can provide distance
and bearing of the animals from the survey vessel. Although PAM would only identify
animals that are calling or vocal, it has the advantage of 24 hour per day availability as
opposed to visual monitoring, which can only be confidently carried out during daylight
hours, or under adequate visibility conditions. Considering that most of the offshore
migrating baleen whale species likely to be encountered are listed as “Endangered”,
every effort should be made to ensure that the vessel is fitted with PAM technology.

e The use of the lowest practicable airgun volume should be defined and enforced, and
airgun use should be prohibited outside of the licence area.

e Prior to the commencement of “soft starts” an area of 500-m radius around the survey
vessel (exclusion zone) should be scanned for the presence of diving seabirds, turtles,
seals and cetaceans. There should be a dedicated pre-shoot watch of at least 30
minutes for deep-diving species. “Soft starts” should be delayed until such time as this
area is clear of individuals of diving seabirds, turtles and cetaceans. Soft-start should
not begin until 30 minutes after the animals depart the exclusion zone or 30 minutes
after they are last seen. In the case of fur seals and small odontocetes, which may
occur commonly around the vessel, the presence of seals, and small and medium
odontocetes (including number and position / distance from the vessel) and their
behaviour should be recorded prior to “soft start” procedures. If possible, “soft starts”
should only commence once it has been confirmed that there is no seal and
small/medium odontocetes activity within 500 m of the airguns. However, if after a
period of 30 minutes they are still within 500 m of the airguns, the normal “soft start”
procedure should be allowed to commence for at least a 20-minute duration (JNCC
2010). Their activity should be carefully monitored during “soft starts” to determine if
they display any obvious negative responses to the airguns and gear or if there are any
signs of injury or mortality as a direct result of the seismic activities.

o The implementation of “soft-start” procedures of a minimum of 20 minutes' duration
on initiation of seismic surveying would mitigate any extent of physiological injury in
most mobile vertebrate species as a result of seismic noise and is consequently
considered a mandatory management measure for the implementation of the proposed
seismic survey. “Soft start” procedures should not be initiated during times of poor
visibility or darkness without the use of existing PAM technology to confirm that no
cetaceans are present.

¢ An onboard independent MMO must be appointed for the duration of the seismic
survey’. The MMO should have experience in seabird, turtle and marine mammal
identification and observation techniques. The duties of the MMO would be to:

o Record initiation of seismic firing activity and associated “soft starts”, airgun
activities and seismic noise levels;

e Observe and record responses of marine fauna to seismic shooting, including
seabird, turtle and cetacean incidence and behaviour and any mortality or

* One observer is the norm, but in high latitudes two are required during summer months due to the longer
daylight hours. Brazilian guidelines in contrast require at least three observers to be aboard, in order to allow
efficient rotation of duties and maintain full coverage.
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injuries of marine fauna as a result of the seismic survey. Data captured should
include species identification, position (latitude/longitude), distance from the
vessel, swimming speed and direction (if applicable) and any obvious changes in
behaviour (e.g. startle responses or changes in surfacing/diving frequencies,
breathing patterns) as a result of the seismic activities. Both the identification
and the behaviour of the animals must be recorded accurately along with current
seismic sound levels. Any attraction of predatory seabirds, large pelagic fish or
cetaceans (by mass disorientation or stunning of fish as a result of seismic survey
activities) and incidents of feeding behaviour among the hydrophone streamers
should also be recorded;

e Sightings of any injured or dead protected species (marine mammals and sea
turtles) should be recorded, regardless of whether the injury or death was caused
by the seismic vessel itself. If the injury or death was caused by a collision with
the seismic vessel, the date and location (latitude/longitude) of the strike, and
the species identification or a description of the animal should be recorded.

o Record meteorological conditions;

e Request the temporarily termination of the seismic survey or adjusting of seismic
shooting, as appropriate. It is important that MMOs have a full understanding of
the financial implications of terminating firing, and that such decisions are made
confidently and expediently. A log of all termination decisions must be kept (for
inclusion in both daily and “close-out” reports);

e Prepare daily reports of all observations, to be forwarded to the necessary
authorities on a daily or weekly basis to ensure compliance with the mitigation
measures.

e Seismic shooting should be terminated on observation of any obvious mortality or
injuries to cetaceans, turtles, seals or large mortalities of invertebrate and fish species
as a direct result of the survey. Such mortalities would be of particular concern where
a) commercially important species are involved, or b) mortality events attract higher
order predator and scavenger species into the seismic area during the survey, thus
subjecting them to acoustic impulses. Seismic shooting should also be terminated when
obvious negative changes to turtle, seal or cetacean behaviours are observed from the
survey vessel, or turtles and cetaceans (not seals) are observed within the immediate
vicinity (within 500 m) of operating airguns and appear to be approaching firing airgun®.
The rationale for this is that animals at close distances (i.e. where physiological injury
may occur) may be suffering from reduced hearing as a result of seismic sounds, that
frequencies of seismic sound energy lies below best hearing frequencies (certain
toothed cetaceans and seals), or that animals have become trapped within the
ensonified area through diving behaviour.

* Recommended safety zones in some of the international guidelines include implementation of an observation
zone of 3 km radius, low-power zone of 1.5 - 2 km radius (to cater for cow-calf pairs), and safety shut-down
zone of 500 m radius around the survey vessel. Alternatively, a safety zone of 160 dB root mean squared (rms)
can be calculated based on site-specific sound speed profiles and airgun parameters. The application of
propagation loss models to calculate safety radii based on sound pressure levels represents a more scientific
approach than the arbitrary designation of a 500 m radius (see Compton et al. (2007) for details).
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o During night-time line changes low level warning airgun discharges should be fired at
regular intervals in order to keep animals away from the survey operation while the
vessel is repositioned for the next survey line.

o All breaks in airgun firing of longer than 20 minutes must be followed by a “soft-start”
procedure of at least 20 minutes prior to the survey operation continuing. Breaks of
shorter than 20 minutes should be followed by a “soft-start” of similar duration.

o |deally, airgun use should be prohibited at night, and restricted during adverse weather
conditions and thick fog. However, to ensure that the seismic survey has minimal
overall duration within the study area, airgun use should only be permitted at night on
condition PAM technology is implemented to confirm that no cetaceans are present.
During the commencement of night-time operations, visual watches should be
maintained using night-vision/infra-red binoculars.

o Ensure that ‘turtle-friendly’ tail buoys are used by the survey contractor or that
existing tail buoys are fitted with either exclusion or deflector 'turtle guards'.

o Seabird, turtle and marine mammal incidence data and seismic source output data
arising from surveys should be made available on request to the Marine Mammal
Institute, Department of Agriculture, Fisheries and Forestry, and the Petroleum Agency
of South Africa for analyses of survey impacts in local waters.

e No seismic survey-related activities (including line turns) are to take place within
declared Marine Protected Areas.

In the case of survey lines located west of Child’s Bank, it is recommended that the survey
vessel maintain the firing of low-power guns during line turns that encroach within a 5 nautical
mile radius of the seamount. On lines beyond that the low power guns can be stopped during
turns, but the normal start-up proceedure should nonetheless be maintained. The reasoning
behind this recommendations is that seamounts such as Child’s Bank and Tripp Seamount to the
northwest of the survey area result in complex localised current regimes resulting in the
development of detritivore-based food-webs, which in turn leads to the increased presence of
scavengers and predators in the vicinity of the seamounts. These include large pelagic fish
species, seabirds and marine mammals, which aggregate around these features for either
spawning or feeding. There is thus an increased likelihood of the survey vessel encountering
such species whilst in the vicinity of the seamount, and mitigation measures need to be in
place to ensure that seismic impacts on these fauna is kept to a minimum.

6.2.3 Multi-beam Surveys
The mitigation measures recommended for multi-beam and sub-bottom profiling surveys are:

e Onboard MMOs should conduct visual scans for the presence of cetaceans around the
survey vessel prior to the initiation of any acoustic impulses.

o Pre-survey scans should be limited to 15 minutes prior to the start of survey equipment.

o “Soft starts” should be carried out for any equipment of source levels greater than 210
dB re 1 pPa at 1 m over a period of 20 minutes to give adequate time for marine
mammals to leave the vicinity.

e Terminate the survey if any marine mammals show affected behaviour within 500 m of
the survey vessel or equipment until the mammal has vacated the area.

A
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e Avoid planning geophysical surveys during the movement of migratory cetaceans
(particularly baleen whales) from their southern feeding grounds into low latitude
waters (beginning of June to end of November), and ensure that migration paths are
not blocked by sonar operations. As no seasonal patterns of abundance are known for
odontocetes occupying the proposed exploration area, a precautionary approach to
avoiding impacts throughout the year is recommended.

o Ensure that PAM (passive acoustic monitoring) is incorporated into any surveying taking
place between June and November.

e A Marine Mammal Observer would be appointed to ensure compliance with mitigation
measures during seismic geophysical surveying.
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APPENDIX 5.1

ANNEX I: REGULATIONS FOR THE
PREVENTION OF POLLUTION BY OIL
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Table A4 - Probability values for bottom damage

Urique compaitmel gretpngs Dirizas extents end probibities Ptg;jsw
. XiahZve| X ¥2ve | Xa¥aZis
L L 002147 | “0605" | 00028 oosger
R o XaesVeZua | KaoaVsZuor | XaecViZiaa | KacaWeZoia | KoasVeica [ XostiZis [Xooaelia 4
7 |[WRIaWalsiveaR 001404 | 00855 | 000362 | 000562 | 0bO7E | 00078 | ovozes | 0033%%
) . Ke-s¥:Ziy [ Kes¥aZuos [XaaraV el 3 [ Koo YeZa g XeoraY 623 | Xearo ¥ 3210 XraraYea g o
Tl i 00702 | 003276 | 002803 | Q02603 | Dotz | 00312 | Gozeoa | O2480
g
x| |4 [veisveessveeeswes FeatiZea| o053
€ KaaVitva| Bt is | Kea¥stan| XVl | Xea¥e?
& . " 2s¥eZyig | Xag¥alog | KeVaZig | Xes¥el g [ Xes¥edon
5] B pwezsEwE 01507 | 00s8ea | 602766 | OCos3 | 00053 024024
~
5 y Xas10¥s 2 el Kig¥sZi.g | Xua¥ads 2
O il i Giaes7 | 006 0028 e ©
< —
s} ; . KaaVelog | Xa¥sZag | XygVelye | Xi¥elay | Xi¥elas . &
o I b e ) 000358 | 005032 | 000082 | 000078 | 000626 fogmse
2 Xa¥oZ
@ 5 e 3Y1Z32
g 8 |wazs+wapscol P 000337
3 Kya¥iZas [ Xea¥aZoe | KeaVslaa | Xe¥al:
(=] 0 e LALE =1 35 €-7 35 eraCyg
& |R |YeasrWaRRiiie 003208 | 001403 | 000513 | 00003 Qassty
£
0 : Ko-sVaZys | Xeg¥sZas [Xaora¥elaa [XgaoVedas | Xo 0¥ eZa 2 | Xe. 0oV 23 o X anVeZy g
§ e 00198 | 000324 Gcois? | ooo7s3 | Dooss | doose | 098690
§| |11 |wer+wezs+wmzrrcor+cor Suwoss | cdoss' | Gooter | Ghoter | Goors | Goores | 000203
2 ¥ Xe¥eZys |Xea¥i@rs| X7¥elae
= 12 | Wa2S+\WBIP +\WB3+C01+C02 Saiys |Yeriies| Mititas | ooouse
<
£ 13 | W81 +\WBIS+ViB2P #1133 +CO1 +C02 x‘tf'o%ff 000150
s Xe¥iZys | XesVaZos | Xs¥eZis | Xei¥e2,
D aVify5 [Asslafys| Aslelas | Adgledyg
§ 14 | wB2s +wazp + co1+CO2 et s Bl e 001148
< 100000
I Unified Interpretations i
suonejaidisju] payiuf |
']
8
S
Q Zlo Z z
it = ojlo|lojlojlo|lo|olo|Oo|O ZImjo|~|Oo|lc|Oo|Oo|o|Oo =|nwln]|jo|lo{olo|o
2 Slelale|o|e|c|lololalole Slajalo|ole|alelole Z|~|ct|o]|o|v|o|o
b ENK")@'?\DQH@OQ’D a | n |~ W (W00 0O alw|n|w|w|w|w|o
2 slo|alalele|=|=|s|a]e Blaln|=|alalala|ola Bl B =R
S goooooooooor goooocoocf gooooocr
2
S| §
< =
?, £ = =1 zlalolalalalg
gl B R i e B s s s i e = s s e B e s b e ol e sl e
2 e Slo|z|n|a s v~ |ala 50|z |n]e]~ 3] 120 o e ]
8 E
g B ] c
5 E £ B =
g £ Ele Ele Zle =
o g E4 2|5 |alalalalala &
gl 2 (52klsfzlzlzlzlzallsl 1Bkl |El28819]81818
a|l 2 ~ |s|Zle|o|c|o|c]o|c|o|o]~ SlZle|e|ele|e|e|e|e| § [s]|El8|5lslala|S
2 I |B - | e <]
i - £ ol E ) E
g s |8 2|5 S |g
5 8 |E c |2 S (g
S| 5 o8| : -0
3| =a g E g E g £
3 = 5 5 5 & 5|lalolalalala
gl & 5| |El3|2|d|alF|RB|RI8E] = | [EI3[2a|zlF]8]|8|R] = k] I el A
3 £ = clo|c|o|o|o|o|o|s|s|a| § clo|e|o|o|e|ec|o|o| 2 £1o|5lo|olela
< 8§ 8 E g £ 3 E
o -l b B
i 5 = a5 £
¢ L £ 5]
B @9 B S 8
s g 2 el ol |l el el zls] 8] 2 - 8 . <] =
a8 2 = X XXX xx|[x|x]x =) ES ] L ) ~N
9
&) 8 ] £




Table AG - Cumulative probability and oil eutllow values (continued)

Bottom damage (0.0 matre tide)

Cormpartiect groupings % U‘F"“ hc-t:b'\rr Cumestatve probably e :" “f“w‘ Probsbty b&:ﬁﬂw
~ {m?) i {nmichR () P (')
é /31 000 003027 003027 000
S| [wei+weisvmar 000 005304 003331 000
E W1+ WB25 +HWa2P+\WB3 000 000530 003851 000 =
5| |umasiwae 000 024825 033688 000 8
5| |wsas+vazpives 000 0248€0 068646 000
§ wa3 000 025667 084313 000
s /814 W32S 4 ViB2P + €01 237300 000592 084205 1405
‘5 WB25+W32P + CO1 237300 000337 085242 800
8 'B2S+\WB2P + €02 1332200 005518 020760 73511 000760 10124720
S| [weas+wvazeivias:coz 1332200 00EE00 097380 87975 DDEEGD 87826200
| |wa1ewass+vazrtcol+coz 1873600 000303 093263 169.73 000303 16972788
‘é W33+ WB25 + W82+ €01 4002 1872600 000150 093413 2818 000150 2819200
B| |versvezsevsievsiecoiac | 1878500 000140 082853 8270 000240 8270240
g| |we2s+wizzpicor+con 1879600 001147 103000 21668 001147 21559012
3 213262 010000 147671360

' Unified Interpretations

| Xauuy - suojjejeadiaju| payiun
§
R
L]
<
2 869 ELL0E 000010 Ly
5 E316E6LE 863200 66606 00000 | 865200 00 1ZLLE T0D + 102452840
B §V46 LEC 650000 GLEE 707160 §E0000 00 LZLLE 700+ 100+ ST8M+ 184\
§ Tzesotee ZHLI00 E0LZE FIEI60 T¥i100 0018282 £8M 4 200+ ST\
E 750z 19921 71800 €6 £59L 71950 1ECE0Q 00 1628¢ 70D +5CRM
E <8l 161580 §E6100 000E%6 100 +5Z84 g—;
2 GEER 758¥80 150100 [l 100 +SZEM+ 1820
§ 600 E6LER0 SzeLio 000 E
‘."9-; 000 £00390 B09E00 Ga0 E8'4SZEM
S 000 533290 28170 000 SZeM
3 000 tELizo §05£00 000 STRAH LB
§ 590 EITIY) szeLio 00 o

P & ) = F [Xm)
E ND:}"::’ ::;ga i "'4‘2‘:0:1(*’.{“.“ A q'l;::‘:lm J;;nga.u noy i‘"° 0 bl
§ abewep epis
& sanjea Aoljine o pue Alqeqosd aale) D - GV eqe)




Appendices to Unified Interpretations of Annex [

} Annex |

Table A6 - Cumulative probability and oil outflow values (continu=d)

Bottom dsmage (4.5 metre tids)

Appendix 7: Approval of dlternative methads of design and construction
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APPENDIX 5.2

ANNEX 1ll: REGULATIONS FOR THE
PREVENTION OF POLLUTION BY HARMFUL
SUBSTANCES CARRIED BY SEA IN
PACKAGED FORM
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APPENDIX 5.3

ANNEX IV: REGULATIONS FOR THE PREVENTION
OF POLLUTION BY SEWAGE
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APPENDIX 5.4

ANNEX V: REGULATIONS FOR THE PREVENTION
OF POLLUTION BY GARBAGE FROM SHIPS
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ANNEX VI: REGULATIONS FOR THE PREVENTION
OF AIR POLLUTION FROM SHIPS
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